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ight, 1892, by E:zcrricaL Review PvuBLIsHING enemies 13 Park Row, New York. 


S, NEWS AND INTERVIEWS. 


not surprised to learn that Mr. 
Westinghouse, Jr., escaped unin- 
m the recent wreck on the Pennsy]- 
ilroad, at Harrisburg,” said Mr. 
D. Field. ‘‘ His private car was 
ne of the forward train and carried 
and his family. I was riding with 
his car afew years ago, and re- 
ipon its solid construction. Mr. 
ouse said that he traveled about so 
t he was sure to get into a collision 
e, and when he did get into a wreck 
1 to bein a car that was as strong 
le. His foresight, in all probabil- 
i his life.” 





rs, N. Y., is one of the oldest and 
owns in this State and encompasses 
lics and curiosities. One of the 
the city hall, or ‘‘ manor house,” 
1682, and stillin use. One of the 
es was noticed on the steamboat pier 
day. It was a deaf and dumb boy 
by a chain a large Newfoundland 
1e boy was endeavoring to talk to 
with his fingers, deaf mute style. 
sat on his haunches undismayed. 
is also the home of the Eickemeyer- 
anufacturing Company, makers of 
known Eickemeyer dynamos and 
ind the Eickemeyer-Field railway 
is. This incident of the boy and 
srelated for the benefit of Messrs. 
yer and Field, whose inventive 
iay be able to find a way to make a 
rstand deaf mute talk. 


Texas,” the first of the battle ships 
w American navy, was launched 
Norfolk Navy Yard June 28. She 
| throughout by electric light and 
wo powerful search-lights, besides 
rs for boat use. 


zie, Phipps & Company have built 
re fence around their steel works at 
ad, Pa. There are over three miles 
nee, and it consists of five strands 
d wire. Itis said to be so arranged 
ry wire can be charged with elec- 
ud for this reason it is supposed that 
en built to keep strikers away from 
plant in time of strife. 
city of Lynn, Mass., is to have an 
fountain to cost $2,500. 
1 it is borne in mind that 30,000 
have been taken-off city car lines to 
ay for improved methods of traction 
the past few months, the plaint of a 
rsey horse brush manufacturer who 
burdened his mind on the subject 
ll be believed. His trade, which has 
flourishing one for many years, has 


‘eadily and of late rapidly falling off, 


attributes the decrease to the installa- 
electric and cable car lines. He puts 


crease in the horse brush trade gen- 
in the past few years at 20 per cent. 
r this he gives two specific reasons: 


“In the first place,” he says, ‘‘not nearly 


80 mi: 


ny people keep carriage horses as 


former rly, because they have rapid transit. 


Then, again, horse car lines, which used to 





Entered at Post Office, New York, as Mail Matter of the Second Class. 











make a big market for our brushes, have 
been transformed into electric lines and our 
trade is cut off.” 





A tiny electric light, attached to a pencil, 
enables French reporters to take notes in the 
dark. 





Two new forms of insulation for wires 
have been brought out in Japan, in which 
the materials used are Japanese paper and 
some kind of vegetable oil and Japanese wax 
and chemical compounds. Very high insu- 
lation is claimed and the process is said to 
be remarkably cheap. 





A stalwart six-footer who is as active as 
many younger men is General Thomas T. 
Eckert, the general manager of the Western 
Union Telegraph Company. Some idea of 
the magnitude of the work which General 
Eckert performs can be had from his state- 
ment that the Western Union has 25,000 
offices in the United States and Canada. 
General Eckert acquired his title during the 
war, when he was chief of the military tele- 
graphs. He is a Kentuckian by birth, and 
was a warm personal friend of President 
Lincoln. General Eckert isa familiar figure 


at the city theaters.—WNew York Morning 
Journal. 
—6@2 o—__— 


Dr. Dale’s Death Certificate. 


Dr. Marion A. Dale, of New York city, 
was called last week to attend Arthur J. 
Yeo, a workman in the employ of W. R. 
Ostrander & Company, the well-known 
dealers in electrical supplies. Yeo was suf- 
fering from extreme nervousness, which has 
been apparent ever since his return two 
years ago from South America, where he 
contracted Chagres fever. On Wednesday 
of last week, Yeo was taken ill while re- 





Welding Shells by Electricity. 
A party of United States military officers, 
constituting the board of ordnance and for- 
tifications, visited the factory of the Ameri- 





STEPHEN D. FIe.p, 
A Norep Evectricat INVENTOR AND A PIONEER IN 
ELectric RaILway WORK. 
can Projectile Company, at Lynn, Mass., 
recently. The inspection was made with a 
view to ascertain the capacity of the works 
for the manufacture of electric welded 
shells and other projectiles, and also to ob- 
tain knowledge of the process of shell mak- 
ing by electric welding, with a view to its 
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Rupo.r EIcKEMEYER, 
A PROMINENT AND SuccessFUL INVENTOR AND MANUFACTURER. 


turning home and ne rapidly worse until 
he died. Dr. Dale learned that Yeo was an 
electrician and that he was accustomed to 
*‘ tasting ” electricit y while testing his work. 
In her certificate of death to the Bureau of 
Vital Statistics, she gave —— apoplexy, 
as the result of tasting the yas. the 
cause of death. 


extension and development over other meth- 
ods of production. 

The We | also visited Watertown Arse- 
nal. e visit was not official, but the com- 
mittee wished to see the special work going 
on at Se station. They were much inter- 

in the.wire wound Woodbridge gun 
and thoroughly inspected it. 





THE EICKEMEYER-FIELD MANU- 
FACTURING COMPANY. 





A Sketch of the Development of the 
Eickemeyer Dynamos and Motors and 
the Eickemeyer-Field Railway Ap- 
paratus—Brief Biographies of 
the two Eminent Inventors, 
Eickemeyer and Field. 





Yonkers is the first town north of the 
New York city line, and is located on the 
Hudson River, opposite the beautiful Pali- 
sades. It is as the home of the Eickemeyer- 
Field Manufacturing Company that readers 
of the ExLectricaL REvIEw will be inter- 
ested in Yonkers. On Nepperhan street, a 
few steps from the New York Central Rail- 
road, and but a stone’s throw from the 
Hudson River, isa long, three story brick 
building, in which some very important 
experiments have been carried on and from 
which has been turned out a large amount 
of very valuable apparatus. Herein May, 
1865, the firm of Eickemeyer & Osterheld 
established themselves as manufacturers of 
hat machinery and general machinists, al- 
though the firm’s business had been inaugu- 
rated September 1, 1854. Mr. Eickemeyer 
is known as one of the most successful in- 
ventors of the day, and his developments of 
hat making apparatus have revolutionized 
that industry. 

Along in 1876 Mr. Eickemeyer began to 
experiment with the telephone as a pleasure 
and a relaxation. He had trouble with the 
inconstant currents of the batteries used, 
and sought relief in some form of electric 
generator to take their place. He naturally 
came to the conclusion that a unipolar dy- 
namo electric machine, free from brushes 
and circuit changing devices, was most 
promising. Mr. Eickemeyer constructed 
many forms of unipolar machines, in nearly 
all of which the prevailing notion of excit- 
ing the armature by coils so assembled 
therewith as to form a short and close mag- 
netic circuit of low resistance was embodied. 
While making his unipolar experiments he 
applied the same notion to bipolar and 
multipolar machines. 

In 1886 and 1887 Mr. Eickemeyer went 
with his family on a pleasure trip to Europe. 
During his absence Mr. Stephen D. Field 
made the acquaintance of Mr. Eickemeyer’s 
partner, Mr. Henry Osterheld, at their fac- 
tory in Yonkers, with a view to employing 
the manufacturing facilities of the factory in 
the construction of an electric motor for use 
on the New York Elevated Railroad. The 
matter was held in abeyance until Mr. 
Eickemeyer's return from abroad, when the 
latter investigated the plans submitted, de- 
cided as to their feasibility, and authorized 
the prosecution of the work. The task was 
commenced and matters proceeded in fine 
shape until it came to the winding of the 
motor armature, which was found to be be- 
set with so many difficulties, on account of 
the size of the mechanism and the necessar- 
ily limited space available to accommodate it, 
that Mr. Field called upon Mr. Eickemeyer 
to help him out. This Mr. Eickemeyer did 
by incorporating with the Field mechanism 
his peculiar form of armature winding now 
so generally known. On the completion of 
this piece of apparatus it was necessary that 
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oe nee 


ea ce 5 
a dynamo should be provided to Phoduce 


the current necessary for its proptision, 


Again Mr. Eickemeyer came ‘to the assist- 


ance of the. enterprise and. constructed. 


a dynamo electric mathine of a’ peculiar 
form of construction, embodying in large 
size the results of his previous experiments 
with small machines. This generator gave 
potentials which could be-varied from 500 
to 1,000 volts with an amperage of 100. 
The apparatus was installed on the Thirty 
fourth street branch of the New York 
Elevated Railroad during the Summer of 
1887. A series of experiments was then 


conducted which convinced Messrs. Field 


and Eickemeyer that their apparatus con- 
tained all the elements to produce the 
simplest and best combination of mechanism 
for propelling vehicles by electricity. 
Shortly after this Mr. Eickemeyer began 
the manufacture of dynamos and motors on. 
quite a large scale at the Yonkers factory. 
The experience gathered proved the possi- 
bility of constructing a motor of such small 
dimensions that it could be chambered under 
an ordinary street car, while at the same 
time its efficiency would be so great as to 
propel it under all the variations of speed as 
found in street car traffic without the use of 
gearing. From the acquisition of this know]- 
edge to the construction of the apparatus 


BLACTRICAL REVIEW 


““TheHickemeyer motorsare used exclusive- 
Ty by the Otis elevator people; over 200-of 
‘these machines being now in operation. 
Eickemeyer dynamos coupled with Brother- 
hood engines have proven the most success- 


the Eickemeyer-Field Manufacturing Com- 
pany is Mr. Charles. Proteus Steinmetz, 
whose ability as an electrical mathematician 
is probably second to none, When a dis- 


pute in the matter of theory arises between 


July 9, 1899 


turing Company will be greatly increased, 
and they will be able to devote their whole 
time and attention to the development of 
their railway apparatus. It is the rule in this 
factory to build everything of the best, 





Fie. 1.—EIcKEMEYER-FIELD Motor EquiPMENT MOUNTED ON BoGiE TRUCK. 


ful apparatus for lighting railway trains that 
has yet been devised. 

The acquaintance of Mr. Field and Mr. 
Eickemeyer has developed many incidents 


Mr. Field and Mr, Eickemeyer, ‘‘the Pro- 
fessor,” as Mr. Steinmetz is called, is re- 
quested to pass judgment. While working 
with Mr. Eickemeyer Mr. Steinmetz dis- 





Fic. 2.—EIcKEMEYER-FIELD Motor EqutPpMENT MounTED ON SINGLE CaR TRUCK. 


was but a short step, and muchines embody- 
ing the combined inventions of these two 
gentlemen are now in operation on many 
street car lines in the United States with 
great success. . Tests made both in the 
laboratory as well asin actual service have 
proved this combination of mechanism to 
be of high efficiency, while the actual. serv- 
ice tests demonstrate its good. working 
qualities and durability. Cars are operated 
on grades of 1144 per cent. with the greatest 
ease, and trailers are hauled in Yonkers over 
a seven per cent. grade, 1,000 feet long, 
without the intervention of any tooth gear- 
ing between the armature and driving wheels. 

‘The same excellence of working qualities 
found in these small street car motors seems 
to render the mechanism peculiarly adapted 
to electric locomotives of a size hitherto 
unattempted. The inventors feel confident 
to undertake the construction of an electric 
locomotive of any desired size and capacity. 

Where the armature is polarized by wires 
which directly eucircle it, machines can be 
designed for any desired output at any de- 
sired speed with less material than in any 
multipolar machines ever designed. The 
whole problem is to produce and cut a given 
number of lines of force at each revolution. 
of the armature, and to obtain these lines of 
force witha minimum waste. In the type of 
machine above .described the lines of force 
originate in the armature, flowing outwardly 
and returning through the shell of the ma- 
chine. Consequently they are all cut by the 
armature wires. during their revolution and 
the magnetic potential can be carried to the 
point of saturation of the iron in the arma- 
ture without the defect of magnetic leakage 
or stray lines of force, a defect inseparable 
from other bipolar. and all multipolar ma- 
chines. 


of interest. When Mr. Eickemeyer returned 
from abroad to pass upon Mr. Field’s draw- 
ings for the elevated railway motor he de- 
clared that from a mechanical standpoint 





covered the law of hysteresis in consequence 
of some experiments he was making for 
Mr. Eickemeyer. 

The Eickemeyer-Field Manufacturing 


irrespective of cost. Aftera machive has 
been constructed in the best possible tanner 
attention is turned to producing it as cueaply 
as is consistent with high class work, |ut no 
cheap work has ever goue out of this shop, 
And, furthermore, there are no accom moda- 
tions for repair work, as such work ‘s not 
expected. Mr. Eickemeyer recently said, 
‘**T have built 500 hat machines of a cortain 
type. I began to make themin 1874 One 
spindle in these machines runs at 3,000 revo- 
lutions per minute. I have never had oneof 
these machines returned for repairs.” This 
is emblematic of all the work turned out by 
the Eickemeyer-Field Manufacturing Com- 
pany. 
RUDOLF EICKEMEYER. 

Rudolt Eickemeyer was born October 18, 
1831, in Bavaria. His education was ob 
tained at the village school in his sative 
place, the Real-Schule of Kaiserslautern and 
the Polytechnic Institute at Darmstac\. His 
tastes all lying in a technical and scicntific 
direction, he devoted his time to the pursuit 
of studies of thisclass. With his classmate, 
George Osterheld, afterwards his pariuer in 
businessin Yonkers Mr. Eickemeyer joined 
the rebels in the Revolution of 1848 and 
fought under General Siegel. The two men 
were amnestied, bat, like many others who 
left Germany at that time, the two young 
men started for America, and landed iu New 
Yorkin 1850. Mr. Eickemeyer found em- 








Fig. 3.—EICKEMEYER-FIELD CARS IN OPERATION AT YONKERS, N. Y: 


Mr. Field had obtained the solution of the 
railway problem. On the other hand, Mr. 
Field was shown for the first time Mr, Eicke- 
meyer’s dynamo, and he declared that he 
thought it was the best electrical device that 
he had yet seen. é 
; One of the able workers connected with 


Company, which has recently been organ- 
ized, will hereafter make the Eickemeyer 
dynamos and motors.. The Otis Elevator 
Company, whose factory is also at Yonkers,: 
will build a factory to construct’ the Eicke- 
meyer motors for elevators. Thus, the 
capacity of the Eickemeyer, Field Manufac- 


ployment on the Erie Railroad, and the fol- 
lowing year secured a position in the Buffalo 
Steam Engine Works, as an assistant in 
making the first mowing machines produced 
in this State.. In 1854, as-has been told 
above, he established himself at Yonkers 
with Mr. Osterheld, in the business of t& 
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pairing the tools used in hat shops and other 


factories of the town. Mr. Eickemeyer 
was an expert mechanical engineer and he 
now turned his thoughts to the subject of 


invention. The practical results attained by 
bit led in his developing hat machinery 
to han extent as to revolutionize the 
industry. 

the beginning of the civil war Mr. 
Bickemeyer Saw the opportunity of using 
his :at sewing machine tools in the manu- 
fa of firearms, and large quantities of 
re ers were produced at Yonkers in his 


Eickemeyer’s electrical work, al- 
th 1 of the greatest importance, has been 
bu de issue of his remarkable inventions 
in r branches of industry. He has taken 
out : ot less than 150 patents, some of which 


ar great value. He has done some very 
in ting work in connection with the 
st battery and the alternating current 
m his work in the alternating field an- 
tic og, it would seem, by years, many of 


th re modern machines put forward as 
nD s. Mr. Eickemeyer is more active 
th erat the present time ‘in the prose- 
cu of electrical experiments, and is said 
to e several surprises in store for the 


el al fraternity. 
Eickemeyer was married in 1856 to 
M lary E. Tarbell, of Dover, Me., and 


th est of his six children, Mr. Rudolf 
Ei ieyer, Jr., is interested in his father’s 
b s. Mr. Eickemeyer has been prom- 
in identified with the Youkers School 
B ind the Board of Water Commission- 


er lhe picture we present of him is very 
fa | and characteristic, and was made by 
hi est son, who is an amateur photog- 
ra of considerable ability. 


STEPHEN D. FIELD. 

hen D. Field is a member of the 

fa s Field family which has been so 
pt ent in the public service of: this 
Ci y. Mr. Field was born at Stockbridge, 
M January 31, 1846, and there received 
hi ly education and training. When the 
fir tlantic cable was laid under the di- 
re of his uncle, Cyrus W. Field, a 
re of the proceedings was sent to Stock- 
br over the American Telegraph Com- 
pa lines, the instruments being located 








In 1863 Mr. Field. removed to California, 
and for a few months was engaged with the 
California State Telegraph Company. The 
following year he occupied a position ‘as 
operator in the San Francisco Fire Alarm 
Telegraph Service, in which he remained 
for five years, exchanging positions with a 
lineman for one year in order to learn thor- 





HLECTRICAL REVIEW 





devoting himself to the business of the 
Eickemeyer-Field Manufacturing Company, 
and to the further development of the ap- 
paratus they manufacture. 


THE EICKEMEYER-FIELD APPARATUS ON THE 
YONKERS ELECTRIC RAILWAY. 


It is only natural that one of the first horse 
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Fie. 4.— TAR ON THE West END Street Ratitway, Boston, EQUIPPED WITH 


oughly that part of the business. In 1871 
he accepted the position of electrician of the 
Pacific division of the Western. Union Tele- 
graph Company, and secretary and elec- 
trician of the Electrical Construction and 
Maintenance Company. The latter position 
he held until his permanent retura to the 
East in 1879. During that period Mr. Field 
was associated with Mr. F. L. Pope in the 
construction of the Russo-American Tele- 
graph Line, upon which Mr. George Kennan 
was also employed. 

During the period from 1865 to 1879 Mr. 
Field persistently occupied himself with 
ideas as to the construction and operation of 
electric railways, as a result. of which he 
secured several early and valuable patents:on 


railroads to be equipped with Eickemeyer- 
Field apparatus should be in Yonkers, where 
the apparatus is made. In Fig. 5 is shown 
an interior view of the power station of the 
Yonkers Railroad Company. The power 
house is situated at about the center of the 
Yonkers Street Railway system, near the 
depot of the New York Central Railroad. 
Three 80 horse-power boilers of the Stirling 
water tube type furnish steam. The coal is 
delivered directly in front of the furnace 
doors. The National Pipe Bending Com- 
pany, of New Haven, have supplied a feed- 
water heater, and a Worthington pump is 
also installed in the station. The Ball & 
Wood Company, of New York, supplied two 
single-acting, non-condensing, 15x16 inch 





Fie. 5.—INT#RIOR VIEW OF THE PoweER STATION OF THE YONKERS, N. Y., STREET RatLROAD COMPANY. 


in (he law office of Mr. Field’s father. The 
apparatus presented strong attractions to 
young Field, and in a short time he had 
mastered the system and had become quite 
aD expert operator. Mr. Field’s first inven- 
tion was made about this time. It was an 


apparatus designed to answer when the 
call passed on the wire, receivé and record 
the message, and answer ‘‘O. K.” at its 
termination. 


his invention. Mr. Field has worked in 
nearly every branch of electricity, and has 
‘made many. valuable inventions’in teleg- 
raphy. It was he who--introduced the 
system of supplying current to telegraph 
lines. by. dynamos instead of chemical bat- 
teries. He also devised several systems-of 
sextuplex telegraph and a system of multi- 

plex capable of indefinite extension. —_ 
At the present time Mr. Field.is actively 


engines of 125 horse-power each. Two Edison 
generators of 100 kilowatts capacity each 
are used, and as the station equipment is ar- 
ranged in duplicate one engine and one gen- 
erator is used at a time, the other equipment 
being used on alternate days. There are six 
cars in use on the Yonkers road, all equipped 
with the Eickemeyer-Field single, gearless 
motors, and they have given eminent satis- 
faction. A street scene in Yonkers, showing 


i ot el ot 
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two-of the Eickemeyer-Field cars in -opera- 
tion, is reproduced in Fig. 3. 
THE EICKEMEYER-FIELD MOTOR AND TRUCK. 
In Fig. 2 is shown an Eickemeyer-Field 
car equipment, which is the latest develop- 
ment of the original type described at the 
time of its invention in the ELECTRICAL 
Review. It will be seen that connecting 


ot a, Ede ten bie 
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EICKEMEYER-FIELD BoGiE TRUCKS. 


rods similar to thuse used on a locomotive, 
jointed and provided with swivel boxes at 
their extremities to provide for any slight 
vertical motion of the motor, are used to 
connect the armature of the motor with the 
driving wheels. The weight of a motor 
truck equipped with a 20 horse-power motor 
for a 16 foot car is about 9,000 pounds, but 
as its weight is cushioned the pounding on 
the rails is considerably less than it would 
“be with a lighter equipment, where part or 
all of the weight of the motor is supported 
on the car axle. An advantage of this form 
of equipment is that lighter rails can be 
used than where a rigidly supported system 
of motors is employed. Car wheels of small 
radius can also be employed, as the position 
of the motor between the axles and the 
small amount of vertical space required 
renders this possible. The Yonkers cars 
are equipped with wheels 26 inches in diam- 
eter. This brings the car body near to the 
ground, making it easy for passengers to 
enter or leave the car. An Eickemeyer. 
Field bogie truck is shown in Fig. 1. The 
equipment and arrangement of the various 
parts are similar to those used with a single 
truck car, the whole apparatus being more 
condensed. In Fig. 4 is shown an Eicke- 
meyer-Field car equipped with two. bogie 
trucks as operated on the West End Street 
Railway at Boston. 
sencstalllt ae 
By Mouth Only. 

Orange, N. J., was in communication 
with the rest of the world last week by 
means of the Postal Telegraph wires for the 
first time in six weeks. Owing to some 
difficulty about getting wires through East 
Orange, the company brought its line in 
through West Orange on the old poles of 
the American Rapid Telegraph Company. 


This was not generally known, but a recent 
suit over the American Rapid Telegraph 
Company’s property brought the matter up. 
The wires were removed, and the Postal has 
been obliged to put up a new line. During 
the suspension of telegraphic communica- 
tion the telephone was used freely, and 
messages were thus transmitted to Newark 
and then telegraphed to other places from 
the main office. 

Right there a curious question came up. 
A Newark telegraph operator, wishing to 
try an experiment, called up Miss Branden- 
burg, the Orange telegraph operator, and 
then placing a sounder upon the transmitter 
of the Newark telephone he clicked off a 
message. Miss Brandenburg, with ber ear 
at the ‘phone in Orange, took down the mes- 
sage. It was a neat way of getting out of 
the difficulty, but it did not last. The New- 
ark manager of the telephone company hap- 
pened to hear about the scheme one day and 
he stopped it. He said that the telephone 
could be used ‘‘ by mouth only.” 
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Possibilities of Electric Railroading. 





READ BEFORE FIRST ANNUAL CONVENTION 
OF THE CANADIAN ELECTRICAL ASSO- 
CIATION AT HAMILTON, ONT., 
JONE 15, 1892, By w. 

A. JOHNSTON. 





The last 10 years have seen great changes. 
We recall to memory that in 1883 the com- 
pany with which the writer is still connected 
placed in operation, in a rather crude and 
temporary manner, the first electric railroad 
ever operated in the Dominion of Canada. 
This road was constructed on the grounds 
of the Industrial Exhibition Association of 
Toronto. The electric machinery and car 
were hastily placed. The electric generators 
were two six arc light 14 ampere Ball dy- 
namos of the type first designed. The mo- 
tor was a similar arc dynamo, and was 
placed on an ordinary railroad flat car and 
connected with car axle by a belt. One rail 
took the place of the modern trolley wire 
and the other rail formed the return circuit. 

Upon the first trial of the car everything 
moved off in good style, the apparatus work- 
ing well. The flat car was loaded with all 
the people that could get on, and, notwith- 
standing the small power of the motor, it 


ICAN FEEDWATER HEATER 


Fie, 1.—AMERICAN Feep WATER HEATER. 
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ran at very fair speed. Unfortunately, how- 
ever, before the opening of the exhibition 
the officers of the association added so much 
extra weight to the car by building an awn- 
ing and placing seats and iron railings, to- 
gether with locomotive head-lights, etc., 
that the motor was overloaded and the car 
came to a stand-still when going up the 
grade. The trial was sufficient, however, 
to give an idea of what could be done with 
electric power. The following year, 1884, 
Mr. Vandepoele equipped the same road with 
apparatus designed on purpose for the work 
and erected the first trolley wire in the Do- 
minion. The road was operated with more 
or less success for several years following. 
These experiments served their purpose in 


directing attention to the great possibilities 
of electric railroading. lt only remained 
for the electric manufacturing companies to 
design apparatus properly constructed, me- 
chanically as well as electrically, such as 
would be able to stand the great wear and 
tear inseparable from such work. 
Machinery is now manufactured by sev- 
eral well-known companies that is adapted 
to operate street railroadsand tramways with 
economy. Electric railroad construction 
and the apparatus now being used in connec- 
tion, has, in all probability, reached its final 
stage or style of design as far as relates to 
efficiency and general utility. The trolle 
will undoubtedly remain in full sway, wit 
possible exceptions, however, for short 
lengths of roads in the very largest cities, 
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where first cost is sometimes a secondary 
object. Generators operated at a pressure 
of about 500 volts will undoubtedly continue 
in use for supplying current for city street 
service. With many others, I contidently 
expect in the near future that a great many 
steam roads will adopt electric motors. Sev- 
eral short roads have already been equipped 
and are quite effective as feeders and con- 
necting links to trunk lines, The enormous 
total horse-power generated by the steam 
boilers of the locomotives now in use would, 
if concentrated in large units and located at 
stations situated at convenient points along 
the main line, prove extremely effective 
when used in connection withelectric power. 
There are many fine water powers in all 
parts of the country that can be utilized for 
this purpose. About the time the trunk line 
roads begin to think seriously of equipping 
electrically they will be inclined to take into 
careful consideration the great cost of cop- 
per for feeders and trolley lines necessary on 
500 volt circuits. Higher pressures, at least 
for feeders to the trolley lines, are bound to 
come. ‘The recent experiments with alter- 
nating and multiphase high frequency cur- 
rents have lately attracted much attention 
and great results are expected from the 
practical tests that have been and are still 
being made in the transmission of large 
amounts of power by these methods. 

The changes that have followed one upon 
another in the last 10 years in all electrical 
industries seem to indicate that much more 
is possible in this direction, as instance the 
the evolution from the double reduction to 
the single, then to gearless motor. Call to 
mind the great number of successful electric 
roads now in operation, compare the steam 
locomotives of the past using gears and the 
present fast mail flyers; all this indicates 
progress. The double reduction and single 
geared motors are particularly adapted tor 
short hauls, where traffic is heavy, as in city 
streets. The gearless motor can probably 
not be excelled for high speeds and long dis- 
tance traffic, to which it is particularly 
adapted, as with high speeds it is advisable 
to keep the armature revolutions as low as 
possible, and the greater weight necessary 
will be of service in securing traction. Con- 
necting rods can no doubt be used with ad- 
vantage between the drivers of motor cars for 
through lines, same as are at present used on 
locomotives. Steam railroad companies who 
equip with a proper electric motor system in 
conjunction with electric block signaling 
and the lighting of both track and trains 
(current being obtained for all from the same 
source of power), will have available, at all 
times, all power along the line, whether from 
steam plants or the numerous water powers, 
of which there are many in all parts of the 
country. The railroad companies will be 
most decidedly convinced of the beauties of 
electric service as soon as adopted, and can 
then render much better service with less 
annoyance to the public, as trains can run 
equally as fast, and in many cases faster, 
than at present, more frequent service could 
d given by using shorter trains and more of 
them, 

In connection with this subject of long 
distance railroading, the new and very inter- 
esting progress now being made in the use 
of alternating currents, it seems to me we 
should not lose sight of the well-known 
direct (series) current. There are already 
manufactured generators giving 5,000 volts 
at 8 to 10 amperes; these can be safely 
coupled together to give pressure of from 
10,000 to 30,000 volts, and without danger 
of injury to the insulation of any of the 
generators, The generators of most all the 
arc stations in Canada can thus be utilized, if 
need be, either for new lines of tramways 
between adjacent towns, mines, etc., or for 
helping out the trunk lines. The question 
arises, however, how is this to be done? I 
am indebted to Mr. Royal E. Ball for some 
suggestions in reference to this question, 
which he set forth in a letter to me written 
in 1891. Right here I might say that our 
company had on exhibition at the Franklin 
Institute Electrical Exhibition, held at Phila- 
delphia, Pa., in 1884, a regenerating motor 
dynamo, or, as it may be called, a constant 
current transformer. This machine has 
been lately perfected by making it automatic, 
so that it can be located anywhere on a series 
high tension circuit or as many of them 
as may be required, whether for power or 
tor lighting purposes, or both. They can be 
wound for any potential, 500 or 1,000 volts 
or over. 

For long distance railroading, the current 
can be obtained from any generating station 
(within, say, 50 miles), from automatic arc 
dynamos, using for a circuit comparatively 
small sized wires and pressure varying ac- 
cording to distance. With an automatic 
series wound dynamo at the power station, 
and with corresponding automatic motor at 
the sub-station, we have a simple and eco- 
nomic method of long distance transmission 
of power, whether for railroad or stationary 
motors or for lighting purposes. The re- 
— wound to deliverrequired pressure 
or trolley line can be located at convenient 
stations along the line. The machines will 
consist in a dynamo having an incandescent 
armature on one end and an arc armature 


with its regulator on the other. The direc- 
tion of rotation to be reversed from that of 
regular arc practice (this is so that the arc 
or motor armature may cut down in the 
proper way for motors, i. ¢..in direction 
opposite to rotation without having to alter 
position of movement regulator). Field to 
be shunt of the low tension armature. Arc 
armature to be in circuit with source of sup- 
ply. The field (or at least that part on the 
arc end) comes from the low tension arma- 
ture and is dependent for its strength upon 
the speed of machine, and that this field de- 
pending on speed, operates the brushes of 
the arc armature so as to make it run faster 
or slower according as field changes. It will 
be seen that this arrangement must keep 
field and potential for the low tension arma- 
ture constant, while the position of brushes 
on arc vary to meet the load. With water 
power at one end, with automatic dynamo, 
and with corresponding automatic motor at 
the other end, you have the problem solved 
of long distance transmission of power. The 
field of your motorsto be fed from small 
generators belted from motor so that its 
speed depends on speed of motor. You will 
see that in this you have constant speed from 
constant current circuit. Should you wish 
to operate a small electric car over a long dis- 
tance (say up to 50 miles on each side of 
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generating plant), it can be done in same 
line as above. In this case the small fiela 
generator is in the control of motor man, 
and he, by changing the position of brushes, 
changes speed, and by reversing brushes 
of small field generator he can change di- 
rection of car. While position of brushes 
of field generator remains unchanged, speed 
of car is constant, whether going up or down 
grade, if current of supply is kept constant. 
In short the new automatic dynamo and 
regenerator solves the question of series 
transmission of power with constant current. 
By a block or sectional trolley system as 
many trains may be operated as wished. 
In this case, also, a motor dynamo is to be 
placed in each train precisely as last referred 
to. Some of my hearers may think such a 
method a little far-fetched, but it is certainly 
as practical and in as fully developed shape 
as apy other methods proposed, and it would 
not be nearly as difficult to secure high insu- 
lation. I certainly desire as much as others 
to see the success of the alternating plan, and 
the investigations and suggestions of all are 
necessary to reach the end in view. The 
field for the electric road is immense, and if 
the apparatus of the present central stations 
can be utilized, so much the better for them. 

Within the last few days Dr. Wellington 
Adams has brought out his scheme for an 
electric railroad between St. Louis and 
Chicago, 250 odd miles; this is a move in 
the right direction. Railroad corporations 
cannot be led to take notice of the electric 
system until they find their custom disap- 
pearing, which very quickly brings them to 
time. Some of the short lines of steam roads 
already equipped electrically have been 
forced to do so through competing electric 
lines. The electric system for through rail- 
roads, once it gets a start, will without doubt 
cause the removal of most of the present 
locomotives within the next 15 years, and 
the factors that are going to accomplish this 
end are high pressure, whether with direct, 
alternating or rotary currents and gearless 
motors for either system. Results will be 
safety to passengers and train men, also sav- 
ing of much time in transit, as 80 to 100 
miles will be easy work, due care being 
taken to keep the train on the track, or we 
shall have a flying machine before we are 
aware of it. 





<< 
The telephone line between Norfolk and 
Newport News, Va., has been completed. 
The cable is laid from Willoughby Spit 
to Fortress Monroe, and ¢xtends through 
Chesapeake City to Newport News. 
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A New Alternating Current Fan Motor, 

The Bernstein Electric Company, 620 At. 
lantic avenue, Boston, have just completed 
a new alternating current fan motor, which 
is illustrated on this page. The special feat. 
ures of this motor are as follows: It has no 
electrical connection between the fields ang 
the armature and withstands a heavy cxcegg 
of potential without undue heatipg or dap. 
ger of burning out; it has only one brush 
and runs without sparking; it does no: heat; 
it is noiseless in running; it consumes only 
65 watts, and the makers claim for it a far 
higher efficiency than any continuous cur. 
rent motor of the same size. The motor is 
wound for either 50 or 100 volt altersating 
circuits, or for other voltages on <pecial 
orders. It has se!f-oiling bearings, tronze 
commutator and embodies the best m«chap- 
ical workmanship. 





A New Feed Water Heater. 

The Jarvis Engineering Company, ‘1 Oli- 
ver street, Boston, are agents for the fe: 4 wa. 
ter heater illustrated herewith. This heateris 
the result of over 14 years’ experience in the 
manufacture of various styles of feed water 
heaters, and is constructed of one o: more 
coils of the best seamless drawn copp:r tub- 
ing, encased in an iron shell with brass 
fittings. Among the advantageous claims 
made for this heater are that leaky joints 
are wholly obviated by the jvintless coils, 
and there are no joints inside the hexier to 
become leaky by expansion and contr:ction, 
or from other causes ; all parts that come in 
contact with the water are construcied of 
copper or brass so that there is no rusting or 
eating away of parts, and there is x0 gal- 
vanic action created within this heater, as is 
the case in heaters where the feed water is 
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Fie. 2.— AMERICAN FEED WaAthR Ih ATER 
AND PURIFIER. 


contained in the space between the iron shell 
and the brass tubing; the construction of 
this heater makes it impossible to cre‘: any 
back pressure on the engine, as the exaust 
passage is from eight to ten times the area of 
the exhaust pipe ; the heater is guaranteed 
to deliver water at a temperature of from 
200 to 212 degrees Fahrenheit, using on!y ex- 
haust steam. Nothing but the best material 
is used, and all work is first class. The 
heater, shown in Fig. 2, is a purifier as well 
as a heater, causing the water to deposit all 
its scale-making material before it cents 
the boiler, and fo a position from which it 
can be readily removed. 
> 

The Postal Telegraph Company has pur 
chased the telegraph line between Chicag? 
and Milwaukee, which, for five years, it has 
tem under contract with Chicago and 

ew York capitalists who built the line. 


. 











— = am = = & 


val 
wit 
elec 
hea 


tior 
eral 
cur 
The 
the 
mal 
the 
mat 
fect 


Con 
fire 





ell 


all 
c18 
it 


g0 
pas 
nd 








9, 1892 


A New Hart Switch. 
illustration presented herewith shows 
double pole 75 ampere switch, just 
put on the market by the Hart & Hege- 


I Manufacturing Company, of Hartford, 


in 


+} 


and from which they expect, and 


ilready obtained, the most satisfactory 


switch, while large, is very compact, 
s mounted on a porcelain base fiveinches 


meter, and hasa height of two and 
juarter inches from bottom of base to 
shelf. It has a total break of three 
ne quarter inches, and will take wire 
No. 0B. & S. 
movement is rotary in one direction 
rter turns, the current passing from 
itact to another through solid metal, 
make and break are instantaneous, 
itch plate remaining stationary with 
ce to contacts until under the control 
pring, which is of sound wire coiled 
the spindle inside the insulation. 
entire workmanship is first class, and 
itch will, no doubt, meet with de- 
ipproval., 
—_—~-2fa——_————" 
»yed Heavy Duty Engine for Elee- 
tric Railway Service. 
extremely varying load which asteam 
in an electric railway power station 
ten called upon to carry calls for the 
nt of special conditions, prominent 
which are great strength and prompt 
yf the governing mechanism. It was 
h lack of one or both of these essen- 
ints that some of the engines in the 
stalled stations have showed them- 
infit for the task assigned them. 
accompanying illustration is shown 
ne recently brought out by the Ball 
Company, of Erie, Pa., especially 
tric railway service. It will be seen 
s engine is, for its oylinder capacity, 
strength and weight—the makers 
g that the engines they build are, for 
se-power, the heaviest engines made. 
nnecting rod and crank sbaft are of 
steel. The crank shaft is eight inches 
er in the crank pin and in the jour, 
rhe crank pin boxes are lined with 
babbitt; the crosshead boxes are of 
pper and tin. The crosshead pin is 
steel. The system of oiling the run- 
rts is very simple and thorough. The 
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Magnetic Leakage in Dynamos. 

A great deal of energy that might be 
better spent, says London Industries, is 
wasted over the discussion of the waste field 
in dynamos. In spite of the spread of 
knowledge of magnetic circuits, there still 
seems to be a fallacy lurking in the subject. 
Many writers still seem to think that a cer- 
tain number of ampere turns on the field 
must produce a corresponding total number 
of lines of induction, and that if a large pro- 
portion of these pass round the armature 
there will be fewer left available to go 
through. This is a complete misunder- 


The Canadian Electrical Association. 

The first annual meeting of the Canadian 
Electrical Association was held at Hamil- 
ton, Ontario, June 15 and 16. The mayor 
of the city delivered a hearty address of wel- 
come tothemembers. Secretary Mortimer’s 
report showed that the finances of the Asso- 
ciation were satisfactory. The following 
officers were elected: J. J. Wright, Toronto, 
president; K. J. Dunstan, Toronto, first 
vice-president; John Carroll, Montreal, sec- 
ond vice-president; C. H. Mortimer, To- 
ronto, secretary and treasurer. An execu- 
tive committee was appointed as follows: 





standing of the question. The only effect 
of increasing the leakage is to produce more 
lines. They do not cost anything, and do 
not matter, except for one thing. They 
decrease the permeability of the field mag- 
nets, so they demand slightly more iron in 
the fields. The only bearing leakage has 
on dynamo design is in altering the per- 
meability of the fields. A compound dyna- 
mo, for instance, should not have its field 
permeability too high at no load, or its 
pressure will be unstable; on the other hand, 
at full load the permeability should not be 
so reduced that too much excitation is needed 
to give the desired pressure. Various 
methods of constructing ironclad dynamos 
still appear from time to time. Another 
form of the same fallacy consists in winding 
the field excitation round tbe armature to 
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A New Hart Switcu. 





H. O. Fish, Peterboro; A. B. Smith, W. A. 
Johnston, Toronto; D. Thomson, Thomas 
H. Wadland, Hamilton; John N. Yule, 
Guelph; 8. J. Parker, Owen Sound; L. B. 
McFarlane, D. A. Starr, Montreal. 

A committee was appointed to revise the 
by laws and constitution of the Association, 
a member having expressed the opinion that 
they were indefinite. 

D. Thomson, A. B. Smith, C. H. Morti- 
mer and J. N. Yule were appointed a com- 
mittee on statistics. 

During the meeting visits were made to 
the new power station of the Hamilton Elec- 
tric Light Company and the new building of 
the Bell Telephone Company. A banquet 
was also held at the beach near Hamilton. 
After the banquet a gold watch was pre- 
sented to Mr. J. J. Wright, president of the 
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hich has been used by this company 
lh great success in the past in their 

light engines is continued in the 
luty engine. This engine has shown 
lice perfect regulation under condi- 
ere the variation in load on the gen- 
rom zero to the full capacity has oc- 
luring less than five seconds of time. 
ikers of this engine, working on the 
that the electric railway interests de- 
strictly first class engine, are using 


ty best possible material and work- 


ip throughout, and claim to give per- 


Satisfaction. 


—_—_———~_o— 
New York Board of Electrical 
has decided to put the police and 
egraph wires underground. 


ensure that all the lines shall go through 
the armature. This results in ruining the 
ventilation to gain nothing. 
——— 
The census office has made a pre- 
liminary report on operating telephone com- 
panies during the year 1890, from which it 
appears that there were 53 companies in 
operation, being a decrease of 95 since 1880. 
The total investment is given as $72,341,736, 
an increase of $57,735,949 over 1880. Gross 


earnings, $16,414,583; gross expenses, $11,- 
143,871; net earnings, $5,260,712; number 
of exchanges, 1,241; number of telephones 
and transmitters, 467,356; miles of wire, 
240,412; number of employés, 8,645; num- 
ber of subscribers, 227,357. 





Association, as an evidence of the apprecia- 
tion of his services in the interests of the 
Association. 

It was decided to hold the next annual 
meeting of the Association at Toronto in 
January. 


Be 





The diving apparatus is one of the 
latest objects to which the telephone has 
been applied. A sheet of copper is used in 
place of one of the glasses in the helmet, 
and to thisa telephone is fixed so that the 
diver, when at the bottom of the sea, has 
only to turn his head slightly in order to re- 
port what he sees or to receive instructions 
from above. 


255 


Safe Wiring. 





READ BEFORE FIRST ANNUAL CONVENTION 
OF THE CANADIAN ELECTRICAL A&&0- 
CIATION AT HAMILTON, ONT., 

JUNE 16, 1892, By A. B. 

SMITH. 





In presenting the few remarks I shall 
make under the head of safe wiring it is not 
my intention to enter into a lengthy descrip- 
tion of what may be termed mechanically 
safe construction. It would be impossible 
to do this, as the conditions to be met in 
general work are so diverse. In fact, it may 
be said that no two installations in existence 
are exactly alike. On a few points there 
are some rules that apply invariably, but I 
intend rather to look at it generally from a 
‘‘moral” standpoint. For instance, it is 
well known that dampness is a moral enemy 
to successful results. To guard against this, 
it is necessary that every man engeged in 
an installation, frcm the highest and best 
paid men to the mere laborer, should con- 
scientiously do his part. I need searcely 
point out to you that the interests of the 
electric lighting fraternity and that of the 
insurance companies are identical. A failure 
to get good results, or a risk of serious loss, 
is a detriment to one as well as the other. I 
lay great stress on the importance of con- 
scientious work by individuals rather than 
on the laying down of rigid rules. It is im- 
possible to make a hard and fast rule to 
cover every minute detail of an installation, 
and, therefore, without this dependence on 
the honesty of the workman very little in 
the way of safeguards can be actually 
accomplished. Safe wiring is more a matter 
of men and material than of method. 

I know of no business on the face of the 
earth where the public and the insurance 
companies have to depend more on the indi- 
vidual reliability of the workmen than on this 
one. On account of the immediate conceal- 
ment of work almost before it is completed, 
opportunities to do negligent work are 
abundantly offered, so that it requires more 
than ordinary conscientiousness in men en- 
gaged in the work and circumspection in 
its oversight. 

While, in a few instances, much trouble 
and annoyance is caused by unskilled electric 
men, who have an idea they possess more 
knowledge than can be carried by one single 
brain, still there is a source of trouble to 
electric light people and the underwriters 
which is most serious. What I refer to is 
the ignorant and clumsy interference with 
good wiring by plumbers, steam and gas fit- 
ters and other pipe men, and our friend, the 
ubiquitous bell-hanger. These individuals, 
with supreme contempt of others’ rights or 
through ignorance, not realizing the danger 
of their practices, are. constantly making 
mischief. Nine cases out of ten, where 
trouble is located in an otherwise perfect 
piece of work, these pirates are to blame. It 
is a common occurrence to find gas or water 
pipes resting upon electric wires; these pipes 
or other iron work having been placed in 
position after the electrical work has been 
completed. Furthermore, there is a certain 
class of men, especially gas fitters, who really 
have an idea that they do know something 
about electricity, and who believe that be- 
cause wires are sometimes run in pipes that 
it is their special vocation to doit. It is true 
in this, as in other matters, that ‘‘a little 
knowledge is a dangerous thing.” Unfortu- 
nately, the public have no protection against 
these half-baked electricians, and it is against 
this class of work that the insurance com- 
panies have to fight their greatest battles. 
Serious loss has only been averted by con- 
stant and skillful supervision, and were it 
not so the loss from this source would be 
vastly greater. 

There are only one or two points in refer- 
ence to construction work of general appli- 
cation which I would like to refer to. One 
of these is the use of cleat work in cellars 
and other places liable to dampness, unless 
a sufficiently protected wire with a superior 
insulation to ordinary weatherproof is used ; 
in fact, I would much prefer to prohibit 
absolutely the use of cleats altogether in 
places liable to the slightest dampness. 

Also a word of warning will not be out of 
place against the indiscriminate use of porce- 
lain knobs for outdoor purposes. These 
knobs are good and useful in their proper 
place, but the average lineman seems to ima- 
gine that porcelain isa panacea for all the 
evils that afflict a wire. 

In closing, I desire to sincerely congratu- 
late the members of the association on the 
cordial relations now existing between the 
underwriters and the electrical fraternity. 
The future maintenance of this happy con- 
dition remains in your keeping. By employ- 
ing none but thoroughly reliable men and 
using good materials, the present insigni- 
ficant percentage of loss by fires of electric 
origin will be rendered still less. 
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Electricity po not seem to nl in the po- 
litical campaign this year. Neither candi- 
date of the two leading parties is magnetic— 
in fact, rather non-magnetic. 





Chicago water is ina bad way. It is said 
to be full of animal matter, and much of this 
is alive and kicking. One paper advises 
‘* pounding ” the water before boiling. We 
would respectfully suggest electrocution. 





A woman physician has decided that a 
man came to his death from tasting two 
volt currents of electricity. It is possible 
that this is a case of copper poisoning like 
that to which we called attention several 
weeks ago. 





We beg to call Secretary Rusk’s attention 
to the fact that the General Deficiency Ap- 
propriation bill contains an item of $15,000 
for the purchase of an electric light plant 
for the Military Academy. How can Uncle 
Jerry ever justify himself to the country for 
investing so much money in a new fangled 
ornamental plant of that sort when people in 
some regions are in need of seed corn and 
blackberry shoots.—New York Press. 

We beg to assure the Press that ‘‘ Uncle 
Jerry ” is foresighted enough to see economy 
and comfort inthis ‘‘new fangled orna- 


mental plant.” 








The range of timely reading presented in 
this issue of the ELECTRICAL REVIEW is 
very wide, and should suit every subscriber’s 
taste. There are papers read before the 
American Institute of Electrical Engineers, 
the Franklin Institute, the Association of 


' Railway Superintendents of Telegraph, and 


the Canadian Electrical Association, besides 
numerous special articles. Al] these papers 
are written by practical men, the majority 
of whose opinions carry weight and force. 
Be careful to preserve these issues of the 
ELECTRICAL REvIEw for future reference. 


We present in this issue an interesting 
illustrated account of some of the work 
those two brilliant inventors, Rudolf Eicke- 
meyer and Stephen D. Field, have been 
doing. When these two names are attached 
to an invention, it is at once stamped as an 
improvement or discovery of merit. 





The importance of using good varnish in 


electrical apparatus cannot be over-esti- 
mated. A gord method of testing is to 


cover a sheet of paper with several coats of 
varnish, and attempt to pass a 3,000 volts 
alternating discharge through it. If the 
varnished paper resists the discharge, it is 
suitable for electrical use. 





Our brightest transatlantic contemporary 
is London Lightning, and its most brilliant 
contributor is ‘‘ Meteor,”’ who oftens hits the 
nail squarely on the head, as the following 
paragraphs indicate : 

‘« When a boy develops no particular tastes 
and no particular talents, it is ten to one bis 
parents say, ‘ We'll put him in for electricity.’ 
And his maiden aunt approvingly responds 
* Everyone says it’s the coming thing.’ So 
into electricity he goes, for a time; until he 
learns that he is expected to work and get 
dirty and show signs of intelligence, and do 
various other things he never bargained for, 
andthen * * “* he retires to the great 
world’s dust heap, which I have never yet 
come across but often imagined. 

‘*T have seen ten such careers flicker out 
in a works in the course of a single month. 

‘*On the other hand, it is pretty to see the 
way in which supply adapts itself to demand, 
and the number of really intelligent, smart 
young men who annually join the ranks as 
the industry increases, and are not too proud 
to chip magnet iron of an early morning, or 
wear flannel shirts and overalls.” 





WHAT TO DRINK. 

During the heated term oatmeal water is 
the most cooling and healthful beverage for 
those working in hot places. A good way 
to make it isas follows: Ina bucket hold- 
ing about twoand one-half gallons place 
two pints of oatmeal and mix thoroughly 
with warm water to the consistency of 
cream, then add boiling water until the 
bucket is filled. Stir the mixture well and 
set it aside to cool. Ice may then be added, 
but the oatmeal water will quench the thirst 
better if the ice is left out. 

Beer and all alcoholic liquors should be 
let alone in the Summer. They have their 
places in Winter, perhaps, but hospital doc- 
tors say that a drinking man who is 
overcome by heat has little chance of recov- 
ery if the attack is at all severe. 

Electrical workmen, who often are com- 
pelled to work in hot places, will find that 
the oatmeal water is much the best thing for 
them to drink. A man requires a larger 
amount of fluid nourishment in Summer 
than in Winter, and, as be perspires freely, 
the fluid constantly must be replenished by 
drinking. 

Oatmeal water doesn’t cost but a few 
cents. Take upacollectionin your shop 
and provide a big bucket of it for use dur- 
ing the hot days. Let the corner saloon 
man see your face less often and your wife 
will find more money in your pocket Satur- 
day night. Try the oatmeal water, anyway. 

SPARKS. 

The following quotations are from ad- 
dresses recently delivered before the Ameri- 
can Institute of Electrical Engineers the 
Association of Railway Superintendents of 
Telegraph, the Franklin Institute and the 
Canadian Electrical Association : 

It would appear probable that liquids can- 
not conduct without electrolytic decompo- 
sition. — Thomas A. Edison. 

Another important item for the obtaining 
of pure deposits is a good circulation of the 
electrolyte. This insures a uniform specific 
resistance in the solution between the parts 
of the plates.—F. B. Badt. 

If the heat developed in the core can be 
reduced by improving the quality of iron 
used enough extra current may be taken 
from the armature to balance this saving in 
the core.— Thompson, Knight and Bacon. 

Practically speaking, the insulation of a 
line is never that of the material forming the 
insulators, but always that of their surfaces 
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and the films of dust and moisture that may 
have become encrusted thereon.— Thongs 
A. Edison. 

When the human body is subjected to the 
effects of discharges of alternating currents 
of enormously high frequency, the super. 
ficial portions only are traversed by the dis- 
charges. The same deeply seated vita! or. 
gavs being thus free from current, such dis. 
charges are necessarily harmless —Zdir/» J. 
Houston. 

There are at present 36 dynamos of a total 
capacity of 1,814 kilowatts used for the elec. 
trolytic refining of copper, and the tota! out- 
put of these refineries, when all are com- 
pleted, will amount to 3,650 tons per month, 
or 43,800 tons per year. A capital of over 
$1,000,000 is invested in these refineri»s,— 
F.. B. Badt. 

A moment’s reflection will show tht to 
the man of pure science or to the eng’ neer 
we owe all our methods of rapid communi 
cation and transportation, our suppli:s of 
metals and the necessities of daily lif-, as 
well as the utilization and adaptation o! the 
latent and wasting powers of nature, !vut it 
is difficult to say to which one we owe !:ost, 
—R. B. Owens. 

It is now generally well understood that 
not only are the efficiencies of transforwwers, 
dynamos and motors increased by improving 
the quality of iron used, especially v here 
this iron is subject to changes of magnetism 
and consequent loss by hysteresis, bu! also 
that the capacity of any given machine will 
be greatly increased by improving the quality 
of the iron.— Thompson, Knight and Bucon, 

It is my purpose to show how the constant 
current system may be made as elastic in 
every way, at least on paper, as the constant 
potential, without sacrificing in any way 


any of the advantages peculiar to the sys-/! 


tem, and how it is possible to make cach 
unit in such a system nearly, if not «uite, 
as independent of every other unit as is the 
case in the A gona now in vogue.—.\e/son 
W. Perry, FE. M. 

The only wales that can attach to « high 
measured insulation is the assurance it con- 
veys that no flaws exist in its covering or 
supports, and will, therefore, remain i: good 
signaling order unless disturbed. In ‘act, a 
very high insulation, as we have sec, act- 
ually tends to retard signaling. Mechanical 
security from the loss of insulation is the 
great desideratum, rather than a very high 
degree of insulation itself.— Thomas A. Edi- 
son, 

In studying the various courses given in 
the best technical schools in this country and 
abroad, and the opinions of educators and 
engineers, I take it that a technical sc!ool is 
primarily a place for the preparation of men 
who expect to earn their living as engiscers. 
It is not a school of general culture, nor is it 
a school of abstract science. It is a cievice 
to save time, and teaches the applications of 
pure science to industrial purposes.— 2. B. 
Owens. 

When alternating currents are sent 
through the human body the physiological 
effects increase in severity with an increase 
in the current strength. With current 
strengths greatly in excess of those em) loyed 
in electrotherapy additional effects are pro- 
duced, and a tonic contraction oi the 
muscles follows. Moreover, in such cases 
the severity of the physiological effects is 
increased by the high potential of the break- 
induced discharge.—Hdwin J. Houston. 

It is not unusual to hear it asserted by 
some members of our profession that elec- 
trical engineering will in time absorb «ll en- 
gineering professions, although I believe 
those men familiar with the extent and 
variety of the work which might be called 
purely electrical, are rather of the opinion 
that life is all too short in which to deal 
with the electrical problems presented and 
are glad to refer the problems of mecliapics 
to the mechanical engineer. Indeed the 
field of work seems amply large for both 
professions, and, as remarked to the writer 
some years ago by Prof. W. P. Trowbridge, 
“A definite and amicable understanding 
should be reached between them so that we 
do not duplicate each other’s work.”—R. B. 
Owens. 
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(ORRESPONDENCE. 


OUR BOSTON LETTER. 


The Gethins Electrical Manufacturing Com- 
pany, this city, has issued a new catalogue 
ice list, which presents to the reader 
a brief yet comprehensive description of its 


im} ved battery. 

Mr. J. F. Kelly, for several years identified 
with the New York department of the Fdison 
Gt i] Electric Company, and now promi- 
nenily connected with the General Company 
W i this city to-day. 

me. |. P. Oliver, No. 78 Lincolo street, 


th ity, the Eastern agent of the 1. W. 
Cr n Electrical Company, of Fitchburg, 


M has issued a catalogue neatly illus- 
tr and altogether an ottractive and in- 
te g book. 

4. Romaine Mace, representing the In- 
te Conduit and Insulation Company, of 
N York, has been makinga short sojourn 
a ‘‘Hub” during the weck ; and has 
su fully introduced to tke trade of this 
st the Lundell fan motors. 

Denison Electrical Manufacturing 
Co» any bas been organized at Portland, 
M r the purpose of manufacturing arti- 


cl mposed of metal, with $500,000 capi- 
ta ;, The officers are: President, J. P. 
( v, of Boston, Mass.; treasurer, C. D. 
\ right, of Bostou, Mass. 

josed Electric Road.—The projectors 
0 lectric street railway for Weymouth, 


M held a meeting in Masonic Hall, East 
v uth, Saturday evening, June 28. It 


v »posed to build six miles of road at a 
( f $60,000. The success of the enter- 
pl -_pended on the interest taken in it by 
t] izens of the town. It is understood 
t e proposed six miles will cover the 
tl villages of North, East and Wey- 
" Landing. It is also understood that 
tl ctmen will grant a franchise to the 
W outh company in preference to any 


in, Mass.—It is reported that a force of 

(6 , are at work on the new buildings of 
tl )mson-Houston Company, and to-day 
br ire being laid on the pattern building. 
T ontractors are beating their own 
t the work, as they did not expect to 
y bricks for a week. Nearly all the 
f lions for the several buildings have 
I iid, and a spur track of the Boston & 
M road has been laid through the land 
oO by the electric company. -Work has 
i egun on the wharf of the company. 
li tor Pool visited the place on the 
n es this morning, and he says 25 more 
ire to be put at work, and that the 
people will bein the buildings before 


t »w flies. 

eful for Electric Light Stations.—About 
f ears ago Mr. W. D. Warner, of 122 
P street, this city, placed on the market 


al cle called albamurel for usé as a wall 
( g, in place of paint, kalsomine, white- 
Ww etc. It has had a large sale, mostly 
a manufacturers, and has given almost 
u rsal satisfaction. With the experience 
é ed from the use of albamurel, Mr. 
Werner has been able to study the require- 
m of the trade and has made an effort 
t duce an article that will overcome the 
( tions met with in other water paints, 
is finally developed *‘ Indurine,” which 
i brilliant white finish that does not 
r flake, has a good body, is very durable 
heap, and can be applied to brick, 
v stone or plastering. It is especially 
d ed to factories, public buildings, ware- 
I s, ete. Ww. s. B. 
ton, July 2, 1892. 


ELECTRIC TRACTION NEWS. 


trolley line between Marseilles and 
s uis, France, was opened for regular 
t on May 22. 


Mobile, Ala., Electric Railway 
{ pany have purchased some Westing- 
and some Thomson-Houston appa- 


he work of substituting electricity 

ible as the motive power of the ‘‘L” 

roid between the Union Depot and Dela- 

street in Kansas City, Mo., was com- 
menced last week. 


Chicago and Evanston Electric 
Hailway Company has changed its name to 
( igo, North Shore Street Railway Com- 
pany, and increased the number of its di- 
r rs from four to five. 


council of Asnland, Wis., 


he city 


granted a franchise to the Ashland 
ighting and Street Railway Company, a 
iew Corporation, composed of members of 
old lighting and street car companies, The 
new company will increase the lighting ca- 
pacity and change the present horse car 
Service to an electric line. 
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On May 28, the Bremen Street Rail- 
way Company’s electrical equipment, built 
according to the Thomson-Houston system, 
was Officiaily opened. This line is the first 
in Germany operated on the overhead trolley 
system. The power house, with plant, elec- 
tric line equipment, steel poles and motor 
trucks, have cost about $100,000. 


The Belle City Street Car Company, 
of Racine, Wis., has purchased four lots on 
Maine street and Lake avenue, for $4,700. 
They will erect offices and a power house for 
the new electric system. They have con- 
tracted for motors at a cost of $40,000, 700 
tons of iron for rails, 14 motor cars and 
trailers, 26,000 ties, 1,000 poles, and will 
have the new system in working order by 
September 1. 


The Storage Battery Street Railway 
Company, of Cambridge, Mass., has been 
incorporated. The following are among the 
incorporators: Edwin H. Abbot, Prof. John 
Trowbridge, of Harvard College, Hon. H. 
O. Houghton and his son, William S. Hall, 
Walter I. Jones, Woodward Emery, Arch- 
ibald Howe, Charles E. Wentworth, Fred- 
erick W. M. Rogers, Nathaniel C. Nash, 
John G. Thorogood. 


Negotiations are probably completed by 
which the Naumkeag Street Railway will 
purchase the Beverly and Danvers, Mass., 
Street Railway. The road was started to be 
operated by the storage battery system, but 
the system failed to work satisfactorily, and 
for the past six months the road has not been 
operated. The Naumkeag made an offer 
for the road, and the majority of the stock- 
holders have voted to accept. 


At the recent annual meeting at Hart- 
ford, Conn., of stockholders of the Perkins 
Electric Switch Manufacturing Company, 
the former board of directors were re elected 
as follows: Charles J. Perkins, P. H. Wood- 
ward and J. 8. Gibbs. At a subsequent 
meeting of the directors the following offi- 
cers were re-elected: Presidentand treasurer, 
Charles G. Perkins; vice-president, J. 8. 
Gibbs; secretary, Frederick W. Davis. A 
dividend of three per cent. on the earnings 
of the past six months was declared. 

It is expected that the West End 
Street Railway Company, of Boston, will 
show for the present month the largest re- 
ceipts in its history, even larger than the 
phenomenal earnings of August, 1890, which 
occurred during the Grand Army week. 
The property which the company advertises 
for sale, and which consists of stables, is 
estimated to be worth $500 000, and is free 
of all incumbrance. There is no further 
use for the property offered as the houses 
for the electric cars are located elsewhere. 


The electric railway company at Win- 
nipeg, Man., have their road graded and 
rails laid almost to the Exhibition ground, 
and, if they meet with no unforeseen draw- 
backs, they will have that portion of their 
system operating by July 1. The balance 
of the road is expected to be in complete 
running order by September, unless the 
electric company meet with legal impedi- 
ments from the old horse car company. 
The new company have arranged with the 
electric and gaslight company to supply 
them with current until their own station is 
complete. Mr. G. H. Campbell is manager 
of the new company. 


The Farmington River, Conn., Power 
Company, the stockholders of whicb com- 
pany are also associated with the Hartford 
Electric Light Company, to whom they fur- 
nish power, have lately increased their cap- 
ital stock $30,000, making a total capitaliza- 
tion of $110,000. The ideais to increase the 
plant of the Electric Light Company in 
order to meet the demands being made upon 
it for additional power, and with this end in 
view extensive improvements wil! be at once 
put under way. The station is now running 
5,000 incandescent and 800 arc lights, be- 
sides furnishing a large amount of power to 
isolated motor plants. Power for the street 
lighting circuits, covering a territory of 11 
miles, is furnished by the Farmington River 
Power Company, from their plant on the 
Farmington River, where they have a ca- 
pacity of 1,000 horse-power, generated by 
Hunt turbines. 


NOTES OF INTEREST. 

The Stanley Electric Manufacturing Com- 
pany, of Pittsfield, are doing a great business. 
They have a good thing. Their success is 
deserved. 





““C, & C.” fan motors arein great demand 
these hot days. This company is doing a 
particularly successful business in this line 
of work. 





Incandescent lamp circles are greatly in- 
terested in the decision which will soon be 
given in the United States Circuit Court of 
Appeals in this city. It is expected that 
this decision will finally announce who is 
the inventor of the incandescent lamp. 
Rumor has it that the decision may be 
expected the latter part of this month. 





The extensive electric railway plants that 
are being put in are keeping the manufac_ 
turers of trolley wire very busy these days. 
The American Electrical Works, of Provi- 
dence, is, in addition to a very large business 
in other wires, just now crowded with this 
line of work. 





The Weston engines, manufactured at 
Painted Post, N. Y., have struck a popular 
chord in the electrical field. Both the New 
York and Chicago branch houses are cor- 
ralling orders, notwithstanding the hot 
weather. 





The new Lundell electric motor is attract- 
ing considerable attention. The fact that it 
is backed by Mr. Edward H. Johnson, one 
of the most energetic and progressive men 
in the electrical field, is an indication of its 
value and a guarantee of the substantial suc- 
cess of the motor. 





The New York offices of the Kerite Com- 
pany have secured, in a very quiet way, 
recently, several very large wire orders. 
Kerite has so long been known that its name 
carries great prestige. 





The Detroit Electrical Works open up the 
Summer season with crowded factories for 
the various kinds of electrical machinery 
manufactured by them. Some new work is 
being done by this company, and may be 
announced shortly. Whatever the Detroit 
Electrical Works turns out is sure to be first 
class. 





Probably no company of its industry is as 
widely known in this country as the New 
York Belting and Packing Company. 
Branch offices have long been established in 
all the large cities of this country and sev- 
eral European countries, and the company is 
to-day known as the oldest and largest man- 
ufacturers of vulcanized rubber fabrics for 
all mechanical purposes. A specialty is made 
of rubber belting, and an inquiry at the 
home office in this city develops the fact that 
nearly every branch of the business is meet- 
ing with excellent success at the present 
time. 





New electric railway work is causing great 
demand for superior leather belting. In this 
respect the Jewell Belting Company, of 
Hartford, one of the oldest and most strong- 
ly entrenched companies of the United States, 
is securing asplendid trade. The‘ Jewell” 
belt is to be seen in a great many electric 
lighting and power stations of the country, 
and the number is constantly increasing. 





An order for a sub-marine cable amount- 
ing to over a million dollars is hanging in 
the air of New York City. Who wants it? 





The following gentlemen have been 
appointed a committee to select a city electri- 
cian for Cleveland : Charles W. Wason, of the 
East Cleveland electric power plant; T. E. 
Adams, of the Brush Electric Company, and 
O. A. Gerly, chief operator at the Western 
Union Telegraph office. 





The capital stock of the Hartford, 
Conn., Electric Light Company has been in- 
creased from $200,000 to $250,000. 
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Letters from a Laboratory.—II. 





BY JULIAN A, MOSES. 





Be not disturbed at trifles, for there is 
nothing so easy to overcome. The temper 
of an experimenter must be as calm and un- 
ruffled as the surface of the Dead sea if he 
wishes to be uniformly successful. If the 
experiment fail, that is not necessarily his 
fault; but if his methods are irregular, or if 
his habits in the laboratory are what might 
be called slovenly, then success is not his, 
and the spirit of discontent will hover ’round 
him. Get into the habit of looking out for 
the little things. A test may go all wrong 
—that must be expected once in a while. 
But if we connect our positive wire to the 
negative pole of the instrument, or do any 
little careless things, why we deserve fail- 
ures, and are sure to getthem. Retribution 
is sure and rapid to the careless in a labora- 
tory. Care and accuracy are always re- 
warded. 

There are many little processes which are 
great helps to the worker which will be men- 
tioned later, and 1 shall first speak of a very 
useful one, viz., the manipulation of plaster 
of paris as an adjunct to success. 

Anu experimenter in incandescent lamps 
told me the other day that he was having 
considerable trouble with his apparatus, 
that the leading-in wires would break, it 
seemed, just when he had a good lamp. 
This was, indeed, provoking and he wanted 
me to see if 1 could find some way out of 
the difficulty. He had used little rubber 
tubes but found them of no benefit. The 
platinum wires would break off just at the 
junction with the glass. Wouldn’t I try to 
prevent it? Certainly I would, and I did, 
and in this way. A little plaster of paris 
was smeared over the junction to the depth 
of about one-half inch. When this had set, 
the rubber tubes were put on the wires and 
more plaster smeared over them. Unless 
the lamp itself was broken, the wires would 
hold sufficiently for all the rough usage that 
the lamp would stand. This little difficulty 
over, I thought that plaster might be of more 
service than that in a laboratory, and with 
this end in view I began experimenting. 

To obtain best results it is necessary to 
have good materials. Plaster is cheap and 
there is no necessity to try to save. In this 
case it is false economy. To save plaster is 
to waste it. This seems a paradox, but ex- 
perience says it isa fact. It is strange what 
can be done with plaster to save trouble, 
and it is peculiar that it is not more uscd, 
but this I presume is for the want of an 
introduction, and I hope that I shall be the 
one to make you acquainted. Be assured 
that you will profit by the introduction, for 
plaster is a good friend when you treat it 
right, and even when ill used is no enemy. 

All that is necessary to manipulate plaster 
is a strong cup or mug and a common table 
knife. 

Take as much water as you think you 
will require. This quantity will be regu- 
lated by the size of the model; but an ap- 
proximate guess may be made, remembering 
that the amount of water will be about five- 
sixths of the bulk of the plaster cast when 
set. The water should be poured into the 
cup and the plaster sifted in from a spoon 
which must be kept perfectly dry. The 
right quantity of plaster is reached when 
the water refuses to absorb any more plaster 
and a little mound is seen in the center. 
Stir now with the knife until the mixture is 
of the consistency of thick cream, and as 
soon as this stage is reached the plaster is 
ready for pouring. The time of setting 
may be regulated by the introduction of 
different substances into the plaster. To 
make the setting more rapid, dissolve a little 
sodium chloride (about as much as would 
cover a five cent piece)in the water. This 
addition will make the plaster set in about 
three or four minutes. To retard the setting 
add a little acid tothe water. This, how- 
ever, I would not advise, as it has been my 
experience that there is generally free lime 
in it, which has absorbed from the air some 
carbon dioxide, making calcium carbonate. 
When acids come in contact with this com- 
pound carbon dioxide is set free, which 
naturally tries to escape through the plaster, 
leaving small holes when the setting is com- 
plete, thereby spoiling the accuracy of the 
impression. Asa substitute for the acid, I 
would recommend a little extra agility and 
skill, which can only be obtained by practice. 

Those things that shed water will not 
allow plaster to adbere to them, and are 
called ‘‘separators,” being used for prevent- 
ing the adhesion of the plaster to the model. 
Those most commonly used are shellac 
varnish, graphite, oil and soap. The one 
that I prefer and always use is the solution of 
soap in water. Itsapplicationis simple. The 
object to be cast is well lathered with soap 
and brush, and then washed off by placing 
it under running water, being careful not to 
let anything come in contact with it. If 
there are any spots that have not been 
covered with the soap, the plaster is very 
likely to stick. Success awaits you if these 
precautions are taken. 








Multiple Switehbeards. 


READ BEFORE FIRST ANNUAL CONVENTION 
OF THE CANADIAN ELECTRICAL ASSO- 
CIATION AT HAMILTON, ONT., JUNE 
15, 1892, BY MR. BAYLIS. 


There is nothing that marks the latter half 
of the nineteenth century more distinctly 
(han the growth of the electrical industries ; 
and of all the applications of electricity, 
there is none that has made more rapid prog- 
ress than the telephone industry. Twenty 
years ago there was no speaking telephone ; 
ten years ago there was but little known 
about it, and by many it was regarded more 
as a curious electrical to 1 he as a future 
important factor in the advancement of civi- 
lization. Although the industry has reached 
its present state in a comparatively few 
years, yet the growth bas been gradual, and 
improvements have been, and are constantly 
being, added as the necessities of the service 
demand, and it is to the needs of the operat- 
ing room that most of the ingenuity of tele- 
phone inventors has been directed. 

It would be impossible in this paper to at- 
tempt to describe, or even enumerate, the 
many form's of switching apparatus — 
have been invented, or are in use. I will 
confine myself to describing what is to-day 
regarded as the most perfect switching ap- 
paratus we have, viz., the multiple switch- 
board, the most elaborate and complicated 
electrical switch there is. 

The telephone, transmitter and magneto, 
in use in a small town where there is 50 or a 
100 subscribers, are practically the same as 
those used in a city where the list shows 
thousands of names, yet the switching ap- 
paratus of the central is entirely different. 
In an office containing from 50 to 700 or 800 
subscribers, the switching is a comparatively 
simple matter. The switch which is in most 
general use in Canada in such places is 
known as the standard switch, and it is, on 
the whole, a very satisfactory machine. 
When a subscriber has rung for the central 
and his annunciator bas been actuated, the 
operator takes up any plug upon the table 
and inserts it into the jack of the subscriber 
calliny, and, cutting in her telephone by 
means of the switch which is in circuit with 
the pair of cords she is using, asks the sub- 
scriber whom he wants. If the line asked 
for is not in use, the connection is com- 
pleted with the second plug, and the sub- 
scriber rung up. When the conversation is 
finished, the bells are again rung, and the 
current actuates a drop which is in circuit 
with the pair of cords in use, and the opera- 
tor is notified that that pair of cords is idle 
and disconnects the subscribers. Now, sup- 
pose a subscriber calls for another whose 
line comes into a switch several feet away 
and the cord will not reach, then recourse is 
had to short trunk lines, connecting the dif- 
ferent boards. Each switch has lines run- 
ning to every other switch, and in this way 
each operator can have connection with all 
the others. This system works all right 
when there are not more than 800 or 1,000 
subscribers. If there are more, the number 
of trunk lines between the switches becomes 
so great that confusion may arise, and con- 
nections cannot be made quickly. Then, 
too, there are many chances for misunder- 
standings between operators, and mistakes 
are liable to occur. Thus the want was felt 
for a board on which each operator could 
make direct connection with every sub- 
scriber in the exchange without asking 
another operator for it, and without moving 
from her seat. Asa result of this want, the 
multiple board was invented, and, on the 
whole, it has proved to be very satisfactory. 

Very many forms of multiple boards have 
been invented, but the board of the Western 
Electric Company, of Chicago, is the one 
that has been most favorably received, and 
it is some form of Western Electric board 
that may be found in almost every large 
telephone exchange in the United States and 
Canada to-day; a large number have also 
been installed in foreign countries. The 
boards in use in Canada are all made in 
Montreal in the telephone company’s own 
shops. When multiple switches were first 
introduced metallic circuits were a rarity, 
so the board was designed for grounded 
lines only, whereas now, owing to cross-talk, 
electric railways and other disturbing influ- 
ences, metallic circuits have become a neces- 
sity, and, in the large cities at least, every 
multiple board installed to-day is fitted for 
both grounded and metallic lines. From the 
time the first board was built until now, the 
form has been constantly changing, and even 
now no standard has been arrived at, and it 
is altogether likely that the next board built 
will be entirely different from all its prede- 
cessors. I suppose most of you have seen 
the Bell Telephone Company’s new board 
here ; this is a type of the most recent board 
in use, and it is with a switch similar to this 
that most of the large exchanges in the 
United States are equipped. 

The general form of the board is vertical, 
about six feet high, and is made in sections 
six feetlong. The upper portion of each 
section is divided into six panels. In 
these panels there is a spring-jack for each 


subscriber in the exchange, The jacks are 
arranged in groups of 100, made up of five 
rows of 20. Each group is numbered from 
1 to 100 and the number denoting the partic- 
ular hundred is painted on the frame-work 
of the panel. The first group (the bottom 
left-hand one) is numbered 0, the next to the 
right 1, the next 2, and so on to the sixth 
panel, then another row from left to right, 
thus building upwards and allowing for 
future additions. Every one of these jacks 
appears in each board, so that the connecting 
places of subscribers are multiplied, hence 
the name multiple. The annunciators of 
the subscribers are situated below the jacks 
in asort of trough. To facilitate answering 
calls, the lines of the subscribers are brought 
back to special jacks, which are placed below 
the ordinary multiple jacks, and are called 
answering-jacks, 

Everything is arranged for metallic cir- 
cuits. The two wires of the subscriber’s 
line enter the first board; one wire is soldered 
to the brass body of the jack and the other 
toa German-silver spring which rests on a 
brass stud. The wire coming to the body 
of the jack is carried right around the board 
from section to section. This is called the 
test or return side of the circuit. The other 
is the line side. ‘The line, after reaching the 
spring, passes to the stud, and from therea 
wire is led to the spring of the corresponding 
jack of the next section, and this is repeated 
for the length of the board. From the last 
section the wires from the multiple are 
brought back to the section that contains 
the annunciator of that line and to the 
answering jack. Before reaching the annun- 
ciator, however, the line passes through the 
intermediate distributing board. ‘The ob- 
ject of this board is to provide a means of 
placing a subscriber and any annunciator 
and still not to change his position on the 
multiple part of the board. For example, 
suppose the operator looking after lines from 
No. 225 to No. 300 was very busy, and say 
No. 250 was an exceptionally busy line, 
by making a change on the intermediate 
board No. 250 can “be taken off this sec- 
tion, and put onto any spare annunciator 
on another board, and yet any operator 
wanting No. 250 will find it in its regu- 
lar place in the multiple part of the board. 

The annunciator used now is of the tubu- 
bular form, and consists of a coil of 500w. 
of 36 wire wound over an iron coil and sur- 
rounded with a tubular iron jacket, thus giv- 
ing a more perfect magnetic circuit. It is 
very sensitive and occupies but little space. 
The subscribers’ jacks were first made sepa- 
rately, but now they are formed in rows of 
20 mounted in an ebonite strip. In a 
multiple board there may be many sections, 
on each of which is found every subscriber 
in the exchange, so it is evident that before 
connecting a subscriber’s line on one table 
some means is required of ascertaining if 
that wire is in use at another section. A 
test for this is necessary on any multiple sys- 
tem. There have been many methods sug- 
gested and tried to provide the ‘‘ busy test,” 
but the system used on the Hamilton board 
is almost as successful as any yet tried on 
metallic circuit boards. Nevertheless, a great 
deal of the complication and trouble on the 
board is caused by this test. The test merely 
consists of putting one pole of a battery, 
the other pole of which is grounded, to the 
brass part of the jack. The operator is pro- 
vided with a peculiar telephone having two 
coils joined together and the junction being 
grounded. Now, if an operator wishes to 
ascertain if the line is in use, she merely 
touches the tip of a front plug onto the 
brass of the jack. If the line is idle no 
sound is heard in the telephone. [If it isin 
use a sharp click is heard, caused by the cur- 
rent from the battery which is connected to 
the plug in the jack passing to ground 
through one-half of the head telephone. The 
ring off drop is 500w. bridged across the cir- 
cuit and of high self-induction and does not 
materially lessen the speaking effect. To 
ring a subscriber the two sidesof a small 
magneto are brought into a circuit with the 
two conductors of a cord, at the same time 
the other cord of the pair is cut off, thus 
signaling only the party desired. 

The test is the same for single and 
grounded lines, but in a grounded line the 
bodies of the jacks are grounded through 
500w. This is to prevent short circuiting 
the test battery and also to offer resistance 
to earth currents which tend to throw the 
drop. The great disadvantage about this 
busy test is that one side of the line is used 
for the test circuit. It is found on long 
lines that the static charge held by the line 
often gives a false test, making it necessary 
to ground the line at the drop, as well as 
grounding the bodies of the jacks. Again 
a very little throws the test out of order ‘and 
causes a false test to be put on a line, or else 
no test at all. It is possible that the next 
board built will have a separate circuit for 
the test, and although this will complicate 
the wiring, yet, on the whole, it is a change 
much to be desired. While the circuit of 
our subscriber’s line through a multiple 
board is comparatively simple, when we 
have several thousand such lines to be 
brought within the reach of an operator it 
will be seen that an enormous number of 
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wires have to be dealt with, and that a good 
system is needed to bring the wires into 
small compass and to avoid confusion. The 
wires must be well insulated to prevent 
leakage and consequent crosstalk ; they 
must be in small space ; the method of wir- 
ing should allow the jacks to be accessible 
in case of trouble. To accomplish this in 
the best way a special cable is used. It is 
oval in section and consists of 21 pairs of 22 
wire, tinned and insulated with two layers of 


silk and a cotton protecting covering. The. 


wires are sewed in the shape of a comb to 
fit the jacks and are soldered to the jacks 
away from the board on a long bench. This 
allows of a careful inspection of the joints. 
When jacks for every section have been at- 
tached, the whole is carried to the back of 
the board and the jacks screwed in place. A 
glance at the back of a board will give a 
better idea than any amount of description. 
The jacks and the wiring are the most im- 
portant part of the board. The least trouble 
with any jack will interfere with the work- 
ing of that subscriber’s line, and in an ex 
change of several thousand, when a line 
passes through 20 or 30 jacks, it will be seen 
how many chances there are for trouble, 
and how carefully the jacks have to be made 
and set up. In the switch here, the troubles 
in the multiple average about two a day, 
while the trouble from al) the causes inside 
of office average about three to four a day. 

The most fruitful place for trouble is at 
the point. where the spring rests on the con- 
tact; a little dust lodging there will open 
the line or else introduce such a bigh resist- 
ance as to render speaking very difficult; 
and a great deal of ingenuity has been ex- 
pended in trying to devise a board without 
contacts in the jacks, and we hope that the 
next board will have this very desirable feat- 
ure. The amount of work that can be done 
on a multiple board is very great. In Mon- 
treal the average number of calls answered 
by the operators average 766, and a busy 
operator when pusbed has answered over 
1,600 calls a day. At one exchange in Mon- 
treal, equipped with standard boards and 
accommogating about 1,400 subscribers, the 
average number of calls answered per opera- 
tor is 475, the highest being about 1,200, 
as compared with 1,600 answered on a mul- 
tiple board, so that about 25 per cent. more 
calls should be attended to on a multiple 
than on a standard board. The average 
time for making connection in Montreal 
when there are four exchanges is 35 seconds. 
The time required for this in a single ex- 
change should be less than this. In an 
exchange wired for 1,500 subscribers, each 
line has about 70 soldered connections and 
30 contacts in its circuit. Any one of these 
connections is a place for possible trouble of 
some sort. At the same time an operator 
may be answering two calls a minute and is 
liable to put a plug in a wrong jack or not to 
notice a busy test, so itis hardly to be won- 
dered at if mistakes do occasionally occur, 
though the greatest care is taken to prevent 
them. 

On the whole, as I have said before, a 
multiple switchboard is very satisfactory, 
and is the best system in use to-day for ex- 
changes of over 1,000 subscribers, and 
though details may be altered, and we hope 
improved, yet the principle of this system 
bids fair to be the basis of the best telephone 
exchange equipment for some time to come. 

ie 
The Telephone Building of San 
Francisco. 

The Wave, of San Francisco, edited by 
the handsome and talented Hugh Hume, 
president of the San Francisco Press Club, 
although a literary and social weekly, finds 
room from time to time to present scientific 
and industrial matters. In the issue of June 
18 appears a number of illustrations of the 
new telephone building at San Francisco, 
showing the operating room, underground 
department, dynamoroom, general manager’s 
office, etc. In the general manager’s office 
that stern-visaged individual is seen, looking 
more like Napoleon III than ever. There 
may be fewer hairs covering that brainy 
head, but the expression is good—one of 
kindly welcome to all visitors, particularly 
those who come from the far East. 

The new building is described at length, 
and from it we learn that the San Francisco 
Telephone Exchange is comfortably housed. 





The Review of Reviews, always timely in 
the subject matter it presents, is especially 
so in the July number. Although the 
month covered by this issue expired less 
than five days after the Republican candi- 
date for President was nominated, it con- 
tains perhaps the most complete and intelli- 
gent character sketch of Benjamin Harrison 
that has ever been written. In the text of 
the article appears a portrait of President 
Harrison at his desk, taken on June 15, 
four days after the Minneapolis Convention 
adjourned. 
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The Western Union Pole Yards. 


One of the New York Sun’s correspondents 
sends this story from Monroe, Mich.: 

The Western Union Telegraph Com; aDy’s 
pole yards are located here. On the banks 
of the River Raisin, just below the city, at 
the head of the government canal |c ding 
to Lake Erie, the company owns six or cight 
acres of flat, unattractive-looking land, the 
site of its pole depot for the central district, 
and the most extensive yard of the kind ip 
the country, if not in the world. The poles, 
50,000 or 60,000 a year, are sent here from 
Northern Michigan, the Upper Penin-ular, 
Wisconsin and Minnesota, and henc: are 
shipped to points as far westward a: Ne. 
braska, Montana and Texas; eastward to 
the Allegheny Mountains, and sometiincs to 
the Pacific and Atlantic coasts and th: Gulf 
of Mexico. Before the McKinley tariff 
law went into effect many poles were 
brought from Canada, but a duty of 20 per 
cent. killed that traffic. 

A few poles are shipped to this point by 
rail at all times of the year, but most of !hem 
come by water, and can be handled only 
during the season of navigation. The first 
water shipments will be received this mouth, 
and during July, August and Septemb«; the 
yards, now much depleted, will be the «ene 
of great activity. Some of the poles are 
brought in big barges from the upper lake 
regions, but the bulk of them come in rafts, 
in which are stored sometimes from 15,000 
to 20,000. Upon arriving here the poles are 
pulled ashore and piled up in the yaris, to 
remain until called for. Between 25 ani 50 
men and from two to a dozen teams of hcavy 
draught horses are constantly employed to 
handle them. The poles are shipped from 
the yards wholly by rail. 

The shortest poles received are 25 fect in 
length; from this dimension they run up to 
50, 60 and 65 feet. Poles have been received 
that were 70 and even 80 feet in length. but 
such are rare. The short lengths are used 
in the construction of lines along vew 
railroads and in new territory, wiiere 
two or three wires answer all purposes. 
The larger sizes are used for re- 
construction of old lines and _ bivger 
poles are selected as the number of wires 
they have to bear increases. The laryest 
poles are used on trunk lines and in cities, 
where many wires must be carried. The 
average life of a pole under ordinarily fav- 
orable conditions is 12 or 15 years, its dura- 
tion depending much upon the soil and cli- 
matic conditions where it is placed. ‘fhe 
havoc that the Western Union Compuny 
plays in the cedar swamps is great. Every 
pole represents a cedar tree, and of the tices 
felled for telegraph purposes scarcely one- 
half proves satisfactory. The crooked, de- 
cayed and too slender poles are cut up ‘nto 
railroad ties, fence posts, paving blocks and 
shingles. The annual consumption of the 
Western Union Company represents a cut- 
ting of 100,000 or more trees, which would 
cover an immense tract of swamp land \ ith 
adense growth. The Western Union vas 
competitors in the buying market in ‘he 
telephone companies, railroads and inle- 
pendent telegraph companies. The supply 
of cedar for pole purposes is rapidly g:0w- 
ing less, and it is only a matter of time 
when some other pole material will hav to 
be substituted. When this time comes i! is 
probable that iron, a material practically in- 
destructible, will be used. 

* canine Bs 
To Enlarge Its Plant. 

The Wilmington City, Del., Electric Com- 
pany has begun extensive improvements to 
its plant on West Fifth street, near Orauze. 
A new boiler house will be built, and in ‘his 
there will be placed a new 500 horse-power 
boiler. Toits dynamo room the company 
will add two new dynamos, each of 2,500 
lights capacity. They will be of the Edison 
make. To drive the new dynamos, the 
company will add to its engine power a 250 
horse-power engine similar to the ones LoW 
in use. The company also contemplates the 
erection of 2150 feet high stack. Thestack 
now in use is but 92 feet high. Work on 
these improvements has already been begun. 
The foundations for the dynamos have bee 
completed. The other work will be pushed 
rapidly. 
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LITERARY. 

Professor W. O. Sproull, of the Univer- 
sity of Cincinnati, has sent us some inter- 
esting pamphlets on the progress of univer- 
sity extension in Cincinnati. 

‘Verbatim Report of the Tenth Annual 
Meeting of the American Street Railway 
Association,” held at Pittsburgh, October 
91 and 22, 1891, has been received. 

he art of giving lawn parties, and a score 
of new ideas for all kinds of out-door fetes, 


make the subject of an excellent paper by 
Mes. A. G. Lewis in the July Ladies’ Home 
Journal. 

»e & Shepard, Boston, publish ‘‘ Matter, 
Esher and Motion, the Factors and Relations 


of Physical Science,” by Prof. A. E. Dol-- 


ber. Formule are avoided and the book 
makes good, easy reading. 

r. George D. Shepardson, of the depart- 
m¢t of electricity, University of Minnesota, 
has sent us the University catalogue for 
i8°1-92 and announcements for 1892-93. A 
very good course in electrical engineering is 
Pp ded. 

third and revised edition of ‘‘ The Arith- 
m of Electricity,” by T. O’Conor Sloane, 
hes been issued by the publishers, Norman 

VY. ‘lenley & Company, New York. The 
I of the book is $1, and it may be or- 
d of the ELEcTRICAL Review, 13 Park 
Row, New York. ; 

e Boston Commercial Bulletin recently 
issied a very creditable special number 
dcs'gned to bring forward the special bus- 
it advantages afforded by the city of 
Bo-'on and its environs. This special issue 
contained many handsome illustrations of 


po-uts of interest in and around Boston, and 
presented a large number of articles of 


> advertising patronage indicates to 
W a great extent Boston merchants ap- 
preciate the paper as a valuable medium. 
T ommercial Bulletin, which devotes con- 


siderable space to electrical news, has always 
ha: the business interests of Boston at heart, 
an: in this instance has done much good 


bo'!) for the city and itself. 
ibner’s Magazine for July contains a 


str'<ing article about the ‘‘ Poor in Chicago,” 
by Joseph Kirkland (the author of those 
ver, realistic novels of Western life, ‘‘Zury,” 
an! ‘The MeVeys”). Mr. Kirkland takes 
an optimistic view of the conditions of pov- 
erty in that city, asserting that ‘‘how the 
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The Physiological Effects of Alternat- 
ing Currents of High Frequency. 


READ BEFORE THE ELECTRICAL SECTION OF 
THE FRANKLIN INSTITUTE MAY 24, 
1892, BY PROF. EDWIN J. 
HOUSTON. 


I have concluded to place on record a 
brief statement of the substance of some re- 
marks made by meat the last meeting of 
the section concerning the physiological 
effects on the human body of alternating 
currents of very high frequencies. 

As is well known, the physiological ef- 
fects of alternating discharges of but moder- 
ate frequencies are more severe than are 
those of steady currents of the same current 
strength. As, however, the rapidity of al- 
ternation increases, the severity of the phys- 
iological effects decreases until, at extra- 
ordinarily high frequencies, all harmful 
physiological effects practically disappear. 

Three varieties of electric discharges or 
currents are employed in electrotherapy for 
the treatment of diseased conditions of the 
body: 

(1) The steady, continuous currents pro- 
duced by voltaic batteries, and called in 
electrotherapeutics galvanic currents. 

(2) The alternating currents produced by 
induction coils, and called in electrothera- 
peutics faradic currents. 

(3) The electrostatic discharges obtained 
from frictional or influence machines, and 
called in electrotherapeutics franklinic cur- 
rents. 

As is well known, the physiological effects 
produced by galvanic currents differ mark- 
edly from those produced by faradic cur- 
rents. The former, unless very powerful, 
produce, on the opening or closing of the 
circuit, a contraction that is of very short 
duration—in fact, almost but momentary; 
the latter produce a contraction that con- 
tinues as long as the current is passing. 
This is generally believed to be due to the 
fact that the contractions attending the 
opening and closing of the circuit follow 
one another so rapidly that the muscles fail 
to assume the condition of rest, and so pre- 
—_ the appearance of continuous contrac- 
tion. 

Franklinic currents produce, in general, 
effects somewhat similar to those of faradic 
currents. 

Whenalternating currentsare sent through 
the human body the physiological effects in- 
crease in severity with an increase in the 
current strength. With current strengths 
greatly in excess of those employed in elec- 
trotherapy additional effects are produced, 
and a tonic contraction of the muscles fol- 
low. Moreover, in such cases the severity 
of the physiological effects is increased by 
the high potential of the break-induced dis- 
charge. 

As, however, the rapidity of alternation 


those not accustomed to such shocks, 
whereas, with 20,000 alternations per sec- 
ond, the tube may be maintained at the 
same degree of brightness without any ef- 
fect being felt. 

‘‘This is due principally to the fact that a 
much smaller potential is required to pro- 
duce the same light effect and also to the 
higher efficiency in the light production. It 
is evident that the efficiency in such cases is 
the greater the higher the frequency, for 
the quicker the process of charging and dis- 
charging the molecules, the less energy will 
be lost in the form of dark radiation.” 

The severity of the physiological effects 
attending any electric discharge through the 
body must necessarily depend to a consider- 
able extent not only on the quantity of 
energy present in the discharge, but also on 
the time in which it is acting. 

It has occurred to me that in another cir- 
cumstance is to be found, perhaps, the prin- 
cipal cause why discharges of enormously 
high frequency of alternation should be so 
comparatively harmless, This fact, I think, 
is to be found in the manner in which, ac- 
cording to our modern ideas, an electric dis- 
charge is believed to pass through a con- 
ducting path or circuit, viz., that the elec- 
tric energy is not propagated through the 
mass of the conductor itself, but rather 
through the dielectric or other medium ly- 
ing outside the conductor. That the electric 
energy is rained down on the surface of the 
conductor from the space outside it, and 
sinks down into the mass of the conductor, 
the conductor forming a sink or place where 
the energy can be dissipated. 

In the case of a steady, continuous current, 
the energy sinks or soaks rapidly through 
the mass of the conductor, so that the elec- 
tric current, in the language of the old ideas, 
passes through all portions of the mass of 
the conductor. 

In the case of alternating currents, how- 
ever, the energy received from a single im- 
pulse or electrical movement, by sinking or 
soaking, moves (say) from the surface of the 
conductor towards the center only while 
such impulse continues; and, when the di- 
rection of the impulse changes, moves in 
the opposite direction, or towards the sur- 
face. In conductors through which alter- 
nating currents are passing, the current 
density is, therefore, greatest near the surface 
portions, and, in the case of alternations of 
very high frequency, the central portions of 
the conductor are entirely free from electric 
currents, the current being limited to por- 
tions near the surface. 

In the case of the enormously high fre- 
quencies employed by Tesla, this action was 
so pronounced that conductors failed com- 
pletely to conduct. 

When, therefore, the human body is sub- 
jected to the effects of discharges of alternat- 
ing currents of enormously high frequencies, 
the superficial portions only are traversed by 
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There area good many books extant on 
the art of electrolytic separation of metals 
and a good deal has been and is being writ- 
ten in scientific journalson the same subject, 
but, strange to say, most of it has been pub- 
lished in the foreign press and very little can 
be found in American publications. 

From this it might appear that but little 
interest is taken in this subject and that 
copper refining is being done on a very 
small scale in this country, while, as a matter 
of fact, quite the reverse holds true. We 
cannot explain the dearth of information on 
this subject a than by quoting from 
the preface of Mr. Gore’s latest book : 

‘*Much of the information hitherto pub- 
lished on the subject lies scattered about in 
short articles and fragmentary accounts in 
periodicals and books; and statements more 
or less inaccurate have been made, owing to 
the writers not having had access to the 
manufactories the processes in which they 
have attempted to describe. Mr. Kiliani and 
others have observed the privacy with which 
electrolytic refining works are conducted; 
he says that ‘its effect has been to some ex- 
tent to make people believe that the opera- 
tions carried on are based upon discoveries 
known only to a few and are surrounded by 
difficulties of a very special and complicated 
nature.’ He writes with ‘the object of dis- 
sipating this wrong impression, and of con- 
vincing all those interested in the subject 
that whatever is done inside these works can 
be done by anybody who gives a little atten- 
tion and study to the subject, the only 
secrets being slight and immaterial details of 
practice.’ The probable explanation of this 
is, that each electro-refiner, in consequence 
of being imperfectly acquainted with the 
literature of the subject, and of how his 
fellow-refiners were working, has been 
obliged to ascertain, by means of experiments 
in his own works, the practical details of the 
process; and has thus independently arrived 
at the same general plan of operating as 
other refiners, whilst considering his own 
method a secret.” 

The foreign books above referred to 
naturally contain descriptions of plants and 
processes in vogue in Europe, and very little 
can be learned concerning the art of electro- 
lytic copper refining in the United States. 

It is the object of this paper to give a few 
practical data in relation to American prac- 
tice, and to give a short description of the 
processes in vogue in this country. While 
the writer has erected some of the largest 
copper refineries in the United States, and 











~ Output in 
Name of Company. Generators. Number (arrangement electrolytic Remarks. 
of vats. of vats). co 
pper per 
month, tons. 
1. Anaconda Mining Company, Ana-| 5 Edison—60 volts, 1,100 amperes. 320 Partly multiple, partly 350 Plant being extended for ultimate capac- 
conda, Mont. Stalmann. ity of 900 tons per month. 
2. —s- N , vg A ae (Jos. Whar-| 1 Excelsior—6 volts, 1,000amperes| 48in series. | Multiple....... ....... 30* *By product. 
ton), Camden, N. J. 
3. Balbash Smelting and Refining Com-| 7 Excelsior—15 volts, 2,000 am-| 7 series of 48; | Multiple (18 anodes, 18 650* *They refine the product of the Oxford 
pany, Newark, N. J. peres. 1 Excelsior—30 volts,| 1 series of 96. cathodes). pay ad Company, whose smelters are 
3,000 amperes. in New Jersey, and who are general pur- 
chasers of copper ores,matte and bullion. 
4. Baltimore Copper, Smelting and Roll-| 6 Edison*—150 volts, 400 amperes.| ............... Hayden...........++++ 800 *Generators have sectional fields, which 
ing Company, Baltimore, can be plugged for different voltages. 
5. —a ing Company, Balti-| 2 Edison—80 volts, 700 amperes. |.........+++.++. Hayden. ....c.ccccccee 300 
more, 5 
6. Boston and Montana Consolidated] 3 Thomson-Houston multipolar 288 Multiple (19 anodes, 19 550 Dynamo capacity in excess of present 
Copper and Silver Mining Company, se ely excited, 165 volts, cathodes). requirements. Plant in construction. 
Great Falls, Mont. 1,000 amperes. 
7. Bridgeport Copper Company, Bridge-| 1 Thomson-Houston, 1 Mather, 1/ 3 series of 10. | Hayden (100electrodes 400* *They refine the entire product (black 
port, Conn, n—150 volts,400 amperes in each vat). copper) of the Parrott Silver and Cop- 
per Company, Butte, Mont. 
8. eo 9 Rin ig Refining Company,} 2 Edison—80 volts, 800 amperes. 165 TRIB. «  cecccccnseos 150 
ue Island, Il. 
9. —— Copper Company, An-/ 8 Mather—100 volts, 300 amperes. % Smith.........-secceee 100 
sonia, Conn. 
10. Lewishon Bros.,t Pawtucket, R. I. 1 Excelsior—15 volts, 2,200 am-| 60in series. | Multi 1 (19 anodes, 19 110 
peres. cat " 
11. Omaha and Grant Smelting Works,| 1 Excelsior—6 volts, 1,000 am-| 4S8inseries. | Multiple............... 30 
Omaha, Neb. peres. 
IR. Pommapivenin Gals Winmasbarbngs oc. ccccccccccccccccccccccetcccovecels ce soovevvccecs Lise cqsnseessves 30* *By product. 
Company, Philadelphia, Pa. 
18. St. Louis Smelting and Refining Com-| 1 Excelsior—16 volts, 2,400 am-| 48inseries. | Multiple............... 60* *This plant is operated in connection with 
pany, Cheltenham, St. Louis, Mo. an electrolytic silver refinery, using the 
Moebius process. 
14. Washburn & Moon Company, Wored occcccesccccovcsccccccccccecccevccccfocceccee cocceceloccccccccccceeee-cosceee 90 Plant burnt, being erected. 
cester, Mass. 




















+ Agents for the following mining companies: Boston and Montana Consolidated Copper and Silver Mining Company, Montana; Butte and Boston Mining Com y; 
Montana; Arizona Copper Company, Arizona; Huron Copper Mining Com 
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ny, Lake Superior, Mich.; Tamarack Minin 
Company, —_ Superior, Mich.; Kearsarge Mining Company, Lake Superior, Mich.; Santa Fe Copper Company, New 
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Company, Lake Superior, Mich.; Osceola Mining 
exico; Peninsula Copper Mining Company, Lake 
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it chooses,” because sobriety and industry 
b ‘ give to any able-bodied man a comfort- 
rs e living and a good chance for his chil- 
“Experiments with Alternate Currents of 
Hich Potential and High Frequency,” by 
Nikola Tesla, is the title of a new book pub- 
phed by the W. J. Johnston Company, 
qanited, New York. This is the lecture 
elivered by Mr. Tesla before the Institution 
hod Electrical Engineers, at London. In 
ok form the lecture increases in value, both 
good reading and for easy reference. The 
Ook will be sent on receipt of the price, $1, 
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effects decreases until, when enormously 
high frequencies are reached, the discharges 
become harmless. These facts have been 
demonstrated by Dr. Tatum for ee 
tively high frequencies and by Nikola Tesla 
for enormously high frequencies. 

In a lecture delivered before the American 
Institute of Electrical Engineers, at Colum- 
bia College, New York, on May 20, 1891, 
Tesla, speaking of these effects, says: 

“T have found that by using the ordinary 
low frequencies the physiological effects of 
the current required to maintain at a certain 
degree of brightness a tube four feet long, 
provided at the ends with outside and inside 
condenser coatings, is so powerful that I 
think it might produce serious injury to 





vital organs being thus free from current, 
such discharges are necessarily harmless. 
As the frequency of alternation increases, 
the body becomes more and more protected, 
until, when the frequency becomes as great 
as that of the ether waves, which cause sun- 
light, they would probably produce on the 
surface of the body the same general effects 
as are produced by the light and heat of the 
sun, with which they are probably identical. 
If these views are correct, it would appear 
that when the human body is exposed to 
rapidly-alternating discharges, it is subjected 
at one moment to a discharge that might pro- 
duce instant death, were it not for the fact 
that the bolt is practically no sooner hurled 
at the body than it is hurled away from it. 





the very reason that Mr. Gore gives that the 
data which the writer submits in the follow- 
ing are not claimed to be either complete or 
to be absolutely correct. The writer has 
endeavored to tabulate the electrolytic cop- 
per refineries in the United States. 

This, to his knowledge, is the first at- 
tempt ever made, and he hopes that, con- 
sidering the circumstances, his endeavors in 
this direction will not be misconstrued, but 
be properly appreciated. 

In the following we give a list of electro- 
lytic copper refineries in the United States. 
lt shows us that there are at present 36 
dynamos of a total capacity of 1,814 kilo- 
watts used for the electrolytic refining of 
copper, and that the total output of these 
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refineries (when all .are completed) will 
amount to 3,650 tons per month, or 43,800 
tons per year. A capital of over $1,000,000 
is invested in these refineries. é 

The census report, dated Washington, D: 
C., July 15, 1891, shows the United States 
to be the largest producer of copper in the 
world, its product for the year 1889 being 
226,055,962 pounds, or 113,028 (short) tons. 
The tutal expenditures involved in this pro- 
duction were $12,062,180, of which there 
was paid in wages, $6,096,025 ; in salaries, 
$120,896 ; to contractors, $334,443; for 
materials and supplies, $4,067,970 ; and for 
taxes, rent, etc., $1,442,846, the total capital 
invested being $62,623,228, and the total 
uumber of e uployés, exclusive of office force, 
8,721. The same census report gives some 
statistics on ‘‘ copper refining,” but, unfor 
tunately, fails to state how much copper was 
refined by the electrolytic process. 

It is interesting to note that only a part of 
the furnace material produced in the United 
States, a small quantity of ore, and nearly 
all of the mineral from the Lake stamp 
mills, are refined in works, the majority of 
which are controlled by firms and corpora- 
tions not directly connected with the mines. 
In some works copper refining is incidental 
to the working of other base and precious 
metals, and in others it is a part of a general 
chemical business. One concern failed to 
report. The returns cover establishments 
which produced 159,693,252 pounds (79,847 
tous) of refined copper, valued at $19,686,- 
561.86. Hence, if our list is approximately 
correct, only about 25,000 tons out of 79,847 
tons of refined copper were treated electro- 
lytically. 

We might construe the following para- 
graph in the census report as referring 
partly to electrolytic refineries. 

‘It is interesting to segregate one group 
of refiners, which treats exclusively high 
grade, pure material, like lake mineral, 
Arizona bars and Montana blister copper. 
Works which produced 105,400,664 pounds 
of refined copper incurred the following 
total expenses : 


‘*EXPENSES IN COPPER WORKS TREATING 
HIGH-GRADE MATERIAL. 

‘*Wages, $326,687; salaries, $42,056; 
paid to contractors, $4,735; supplies and 
materials, $305,679; rent, interest, etc., 
$40,462—total, $719,619, or 0.68 cent per 
pound. Total refined copper, 105,400,664 
pounds.” 

These figures will demonstrate conclusive- 
ly that the subject is an important one. It 
is not intended to tire you with the details of 
the ordinary process for the electrolytic 
refining of copper, as this has been described 
in many books, and the theory and practice 
are well known. Inthe above table, how- 
ever, I mention, in the fourth column, the 
names of certain processes in vogue in the 
United States, and it might be well to show 
the main features of each. The crude ma- 
terial used in the anodes is black copper, or 
blister copper, containing from 97 per cent. 
to 98 per cent. of copper. The electrolyte is 
a solution of sulphate of copper. 

In some processes refined copper is a by- 
product only, especially when it appears in 
a concentrated formin the mattes of lead 
smelters and refiners. In the process which 
we call the ‘‘ multiple process,” anodes and 
cathodes in each vat are arranged in multi- 
ple, in about the same manner as the plates 
in a storage cell. (See Fig. 1). In this pro- 
cess there is usually one more cathode than 
there are anodes. The electrodes are sus- 
pended in a vertical position in wooden vats, 
usually lined with lead. The vats them- 
selves may be arranged either in series, in 
multiple, or ia multiple series. For sim- 
plicity’s sake, and for numerous other rea- 
sons, well known to the electrical engineer, 
an arrangement of vats in single series is 
most advantageous. 

Another process is the ‘“‘ Smith process”’ 
(United States patent No. 393,526, Nov. 27, 
1888). In this process there are no cathodes 
of pure copper. The plates of black copper 
(anodes) are not suspended vertically in the 
solution, but are placed horizontally. As it 
would not be practical in many places to cast 
the plates large enough to give a sufficient 
amount of surface, several plates are placed 
side by side so as to form one large plate. 
These layers are then placed one above the 
other at a distance of about 11¢ inches, the 
layers being supported by strips of wood 
running lengthwise of the vat. The top 
plate is connected as an anode to the genera- 
tor, and the other pole of the dynamo with 
the bottom plate. The spaces between the 
plates are filled with the solution of sulphate 
of copper, which forms the only connection 
between the plates. The copper is dissolved 
from the under surface of each layer and de- 
posited on the upper surface of the next 
layer below. The insoluble foreign matters 
in the copper, including gold and silver, fall 
upon screens of cotton cloth which are 
stretched between each two layers. The 
process is kept up until all the black copper 
is dissolyed and nothing remains but plates 
of electrolytic copper. 

Fig. 2 shows the relative position of plates 
in one vat. The inventor claims several im- 
portant advantages over the common verti- 
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cal multiple arrangement. He claims that 
tbe silver or other foreign insoluble matter 
is removed, that the space required for a 
given amouat of depositing and the amount 
of solution required are relatively small, 
that the connection between the plates in one 
tank is made by the solution only, and that 
the copper is easily handled and prepared 
for the vats. The following is his patent 
claim: 

‘*A vertical series of horizontal electro- 
depositing cells formed by horizontal plates 
ot the metal to be deposited, separated and 
supported by insulating supports and im- 
mersed in an electrolytic solution, with 
screens interposed between the successive 
plates, substantially as described, whereby 
insoluble matters are arrested as they are 
liberated from the lower surface of the upper 
plate in each coil by tte combined action of 
the said solution and the electric current.” 

Smith arranges all vats in series. 

Another process mentioned in the list is 
the ‘‘ Hayden ” (Fig. 3, United States Patent 
No. 465,525, Dec. 22, 1891). The Hayden 
process differs materially from that of the 
Smith only in that he places his plates in 
vertical position instead of placing them 
horizontally, and that he does not use any 
screens. He uses removable grooved verti- 
cal wooden strips to hold the plates in proper 
position. He also states that it might be 
advantageous in many cases to cast the plates 
in small sizes and arrange them one above 
the other. 

Mr. Hayden’s patent claims are as follows: 

‘**1. In an electrolytic bath having a num- 
ber of plates unconnected electrolytically, 
excepting through a solution in the bath, 
and having narrow partitions extending from 
opposite sides of the bath adapted to hold 
the plates in a vertical position and out of 
contact with each other, stops wholly be- 
tween the partitions supporting the plates 





of the source of current supply and a termi- 
nal cathode connected to the negative pole, 
securing together by conductors intermedi- 
ate anodes and cuthodes in independent 
pairs, each pair consisting of an anode of 
crude material and a cathode of refined ma- 
terial, interposing said independent pairs 
between the initial anode and terminal 
cathode of the bath, and passing an electro- 
lyzing current from the initial anode to the 
terminal cathode through the bath and 
paired plates, substantially as described. 

“2. An electrolytic bath comprising a 
containing vessel, an electrolyte, an initial 
anode, a terminal cathode, and intermediate 
pairs consisting each of an anode of crude 
material and an independent cathode of re- 
fined material removably connected thereto 
and in metallic conductive connection there- 
with, the several pairs being independent of 
each other, substantially as described. 

‘*3. An electrolytic bath, comprising a 
containing vessel, an electrolyte, an initial 
anode, a terminal cathode, and intermediate 
pairs consisting each of an anode of crude 
material and an independent cathode of re- 
fined material removably connected thereto 
and in metallic conductive connection there- 
with, the several pairs being separated on 
their sides and bottoms from the containing 
vessel, substantially as described. 

‘*4, An electrode, consisting of a plate of 
refined material and an independent plate of 
crude material removably connected thereto 
and in metallic conductive connection there- 
with, substantially as described.” 

Stalmann’s patent drawings show the vats 
arranged in either series or multiple. The 
inventors of the series processes, like the 
Smith, Hayden, Stalmann and others, claim 
for their processes very much cheaper first 
cost of plant, very much less copper carried 
as idle capital in the vats, much less floor 
space and higher efficiency in operation, 

thatis, a larger recovery per 
horse-power hour. Whether or 
not these claims can be demon- 





strated in practice is yet an open 





question. One pound of cop- 





per will be deposited in one 
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above the bottom of the bath, substantially 
as specified. 

‘2. In an electrolytic bath having a num- 
ber of plates unconnected electrolytically ex- 
cepting through a solution in the bath and 
baving independent grooved side pieces in 
the bath, the side walls of the grooves form- 
ing narrow partitions engaging the lateral 
edges of the plates to be treated and holding 
said plates out of contact with each other, 
stops at the lower ends of said grooves sup- 
porting the plates above the bottom of the 
bith, the said stops not projecting teyond 
the faces of the partitions, substantially as 
specified. 

“3. In an electrolytic bath having a num- 
ber of metal plates unconnected electrolyti- 
cally, excepting through a solution in the 
bath, a series of grooved strips removable 
from the tank, driven tightly on to the side 
edzes of the plates, and constructed so as to 
be capable of sustaining the plates within 
tiie bath above its bottom, substantially as 
specified.” 

Hayden also arranges his vats in series, 

Another inventor, Stalmann (United States 
Patent No. 467,350, January 19, 1892, and 
No. 467,484, January 19, 1892), practically 
uses the same process as Hayden, only, in- 
stead of using single plates, he uses, with 
the exception of the initial anode and the 
terminal cathode, pairs of plates of crude 
and refined material, but bringing the two 
plates together by connecting them by one 
cr more bolts or rivets, so that they become 
practically a pair of anode and cathode 
plates with no electrolytic solution between 
them (Fig. 4). 

The claim in the first patent is as follows: 

‘* An electrode consisting of a plate of re- 
fined copper material and a plate of crude 
material with insulating material interposed 
between said plates and metallic connection 
between said plates.” 

The claims of the second patent are as 
follows : 

‘1. The method of separating from cop- 
per and like metals foreign matter which 
may be incorporated with them, which con- 
sists of arranging in an electrolytic bath an 
initial anode connected to the positive pole 
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4 hour, theoretically, by a little 
less than 886 amperes out of a 
solution of sulphate of copper. 
If we, therefore, pass 386 am- 
peres through one vat, we will 
deposit one pound every hour 
and if we pass the same cur- 
rent through a series of 100 
vats, we will deposit 100 pounds 
each hour. The amount of 
power expended in each vat, 
however, is C? < R, but as it is 
always possible to reduce the 
resistance of a vat by increasing 
the surface of the plates, we 
can greatly reduce the amount 
of power required for the output 
in copper per horse-power hour. 
We may also reduce the am- 
perage for a given production 
by joining more vats in series, or 
Wwe may combine both methods. 

It is, therefore, always possible to largely 
reduce the expenditure of electrical energy, 
and consequently that of the motive power. 
As a matter of fact, theoretically, any 
amount of copper may be refined with any 
given horse-power, but as soon as we attempt 
to largely increase the production of copper 
with a given power, we find it necessary to 
largely increase the size and number of vats 
and the quantity of copper under treatment. 
These conditions have been thoroughly ex- 
amined, and the laws governing them have 
been explained in the several hand-books 
extant. 

As a resume it may be stated that if power 
is cheap we may make the internal resist- 
ance of the vats greater, employ small vats 
and less copper under treatment, requiring 
less floor space, thus decreasing the first 
cost of the establishment materially. If, on 
the other hand, power is expensive, we must 
make the internal resistance of the vats as 
small as possible, have a large amount of 
copper under treatment, requiring a larger 
floor space and materially increase the first 
cost of the plant. It can easily be seen that 
in each special case these conditions must be 
carefully determined in accordance with 
principles very similar to those laid down in 
Sir William Thomson’s law. 

From these statements, however, we may 
infer that the claims of the promoters of 
the so-called series processes are not well 
founded ; because, no matter how the plates 
in the vats may be arranged, we can always 
arrange the plant for conditions of minimum 
first cost or minimum operating expenses. 
It is true that both Smith and Hayden do 
away with cathodes of refined copper, and 
thus save quite an item for copper under 
treatment. On the other band, there is the 
disadvantage that particles of the original 
anodes will stick to the final cathodes of re- 
fined copper, and that it will be found diffi- 
cult to separate them. 

As a matter of fact, itis claimed by some 
assayers and selling agents that electrolytic 
copper obtained by these two processes is 
not so pure as copper obtained by a process 
employing anodes and cathedes arranged in 
multiple. Mr. Stalmann io bis arrangement 
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obviates the latter disadvantage by attaching 
removable plates of refined material to his 
anodes. 

Another important item, in order to obtain 
a pure deposit, is the density of the current, 
American copper refiners usually adopt 10 
amperes per square foot of active cathode 
surface asamaximum. Iam told, however, 
that some of the refineries operating on the 
‘*geries” processes go even beyond 15 am. 
peres per square foot, which may account 
for certain impurities found in the electro. 
lytic copper and for a greater efficiency of 
the plant; that is, a larger output of copper 
fora given number of vats and amouut of 
copper under treatment. 

High voltage in an electrolytic piaut, of 
course, means considerable saving or less 
drop in. conductors, less trouble from poor 
contacts, etc., and it is probable tha: for 
these reasons the so-called series processes 
show a greater efficiency per given horse- 
power than the processes employing elec- 
trodes in multiple. For refineries usiv~ this 
latter process low tension machines and com- 
paratively few vats in series are employed, 
By adopting as high voltages in the multiple 
process a8'in the series process, of cc irse, 
the same advantages may be obtained. 

One advantage of the series process i; the 
fact that each electrode will get its proper 
amperage per square foot as all the plates 
are in series, and are of uniform size In 
the parallel process some trouble is always 
experienced in properly subdividing the cur. 
rent in each vat so that each plate wi’: get 
its share, or, in other words, that the cur- 
rent density will be the same for cach 
square foot of active cathode surface. By 
proper precautions, however, trouble iii this 
direction may be easily avoided. 

Another important item for the obtaining 
of pure deposits is a good circulation cf the 
electrolyte. This insures a uniform specific 
resistance in the solution between the parts 
of the plates. Inasmuch as a solution of 
sulphate of copper is of greater sp: cific 
gravity than the acid, which is liberate’! by 
the decomposition of the copper upo» the 
surface of the cathode, such acid rises |» the 
surface of the liquid while the soluticn of 
sulphate of copper settles toward the bottom. 
Where plates are arranged vertically, tlere- 
fore, there is an ascending current bcfore 
the surface of the cathode, and a descending 
current before the surface of the anode. If 
there.is not a sufficient circulation of the 
electrolyte, the free acid attacks the upper 
portion of the plates more rapidly than the 
lower portion, and the deposition goes on most 
rapidly on the lower portion of the cathode. 

In American practice the electrolyte is 
sometimes kept in circulation by arranging 
the tanks on the cascade plan, and have 
each higher vat siphon through a pipe w hose 
orifice is near the bottom of the next |ower 
vat. A better plan now usually adopted is 
to have a trough run through the whole re- 
finery, and have each vat fed indepencently 
by means of a rubber hose. The electrolyte 
is raised from the collecting tank int: the 
troughs by means of lead pumps or sicam 
injectors. Both, however, are objection- 
able. The pumps are always getting out of 
order, and the steam injector means waste 
of steam, besides having the disadvantage 
of putting too much moisture into the clec- 
trolyte, which again necessitates the aciding 
of free acid continually. <A better plan is to 
have two collecting tanks, which are i» be 
used alternately. Just as soon as one i: full 
it is made air-tight, and asmall air com- 
pressor, driven by an electric motor, om- 
presses the air above the solution and Crives 
the solution, under a pressure of, si)", 25 
pounds, through a pipe up into the trovzbs. 
Smith claims thatin his argument no arti- 
ficial circulation of the electrolyte re- 
quired. He claims that the free acid | iber- 
ated over the whole horizontal surfs e of 
the cathode in each cell rises directly thr ough 
the solution and the screen to the surfsce of 
the anode above and acts uniformly over its 
whole surface. As the deposition also ‘akes 
place uniformly over the whole surface of 
the cathode, uniform electrical and che:ical 
conditions are secured over the whole sur- 
face of each plate, and uniform liquid re- 
sistance between the parts of the plates and 
the action of the cells is entirely automatic. 
Smith also claims that less heat is wasted by 
this arrangement than in installations which 
require the circulation of the liquid. 

We might mention another incidental ad- 
vantage of the multiple process over the 
series processes. Some of the patentees claim 
one-fourth of a cent per pound of refined 
copper as aroyalty. In one instance, one 
plant gives the patentee, under this arrange- 
ment, anincome of over $100 per day. Taking 
this in combination with the very doubtful 
advantages claimed for the series process, We 
need not wonder that there exists prejudice 
against electrolytic refineries employing 
these patented operations. 

As to the value of the patents, from 2 legal 
point of view, I do not care to express al 
opinion. Some legal authorities state tbat 
anybody may arrange the electrodes in series 
within a vat without infringing if he omits 
some of the minor details of the combination 
patents whose claims have already bee? 
quoted. 
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The power installations of some of the 
electrolytic refineries which the author had 
an opportunity to visit, reminded him very 
much of electric light stations put up about 


ten years ago. The old motto, ‘‘ Cleanliness 


is 1 to godliness,”’ he found missing, and 
the plants usually excelled by a total absence 
of neters or ammeters, or other electrical 
test instruments showing the conditions 
under which the plant was operating. Such 
sts 1ents, therefore, as ‘‘ working current 
of 00 amperes,” or ‘‘ density of current 
of amperes per square foot,” which 
Ww t from electrolytic refiners, must be 
tal vith several graius of allowance. 


uld enumerate a long list of defects 
ist to-day in almost all of the electro- 
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ly fineries, and which may all be traced 
ti cause, and that is the imperfect 
kr dge of the refiners of matters electri- 


ca arge amounts of money may besaved 
in erection and operation of such plants 


by sidering all the conditions carefully 
bet making the final plans. One case 
cam to my knowledge where the lead lining 
W it in the tanks, and plumbers were 
ci sioned to wipe the seams in the or- 
dir way instead of having the edges of 
th i melted together by means of the 
hy ren blow-pipe. The latter plan should 
alw be followed, as wiped joints will be 
destroyed by the electrolytic action of the 
sol ) in a very short time. 

is not by any means a small matter, 
as ring of the lead lining involves large 
ex s and great loss of time. In one in- 
sta yn the conductors leading from the 
dy s to the tanks are underground, but 
ru such a careless manner that they are 
pe ently grounded, often get short cir- 


cu and in a few instances the wocd con- 
d 1s set on fire. As a matter of fact, 
al experiences which we have gune 
thr . for the last 10 years in constructing 
el light and power plants have been of 
n fit it seems to most electrolytic re- 
fir Even in the few installations where 
i eter is used to indicate the proper 


w x condition of the vats, this voltmeter 
is | by two men from vat to vat, and 
th ige of each vat is taken in this cum 


inannel, 

plant just being erected, the writer 
pl ; the erection of a potential board in 
th of the superintendent. Both ter- 
m f each vat are to be connected with 
tw itact points of the potential board, 
an ltmeter is to be so arranged that by 
sin irning a switch handle the potential 
( vat can be taken almost instantane- 
ou As a matter of fact, the working 
n of each vat may be thus ascer- 
ta ) a few minutes, while it would take 
h r two men to do the same by carry- 
in voltmeter from vat to vat. One of 
th irrences which has to be guarded 
ay is the short circuiting of an anode 
al ‘athode, which in the multiple plan 
m¢ he short circuiting of a whole vat. 
Su i occurrence should be detected im- 
n ely, as otherwise the contents of the 
V y be spoiled. The author proposed 


fe int just being erected an electric tell- 
fale in connection with the potentia) board. 
I tell-tale might be constructed some- 
Ww aft er the fashion of a hotel annuncia- 
tor ach magnet might be permanently in 
circuit with its corresponding vat and the 
tension of the armature spring so adjusted 
that at the proper potential the armature 
wouid be held up, but just as soon as the vat 
is short circuited no current, or but very 
littie current, will flow through the magnet 
and the armature will drop, ringing an 
alarm bell and indicating the number of the 


vat. in which the trouble occurred. 

_All such appliances are labor-saving de- 
Vices, and their installation would pay well 
‘na plant where many thousand dollars 
worth of copper and solution is under treat- 
ment and liable to be spoiled. Ina number 
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of refineries there are T-rails suspended over 
the vats in such.a manner that a pulley car- 
rying a block and tackle can be used for lift- 
ing the plates out of the vats and moving 
them in the gangways for either washing off 
the slime or for substituting new anodes for 
the old ones. Some of the electrolytic re- 
fineries in the United States buy copper 
matte of from 45 to 54 per cent. of copper 
from the mining companies. In these cases 
they own their own smelters, resmelt the 


copper matte, producing black copper of 
from 97 to 98 per cent. of copper. This 
black copper is then cast into anodes and 
subject to the electrolytic process. Other re- 
fineries buy the black copper direct from tbe 
smelters owned by the mining companies. 


Hareiszune FAM Works 
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not be out of place. The author prefers 
separately excited machines for the reason 
that they cannot be reversed and other in- 
cidental advantages. When water power is 
used as prime mover a good deal of trouble 
has been experienced in the regulation of the 
wheels. As a matter of fact, there is no 
water governor in existence which will regu- 
late so perfectly as the governor of a modern 
automatic engine under varying loads. By 
runping all the exciters from an independ- 
ent prime mover (either water or stcam) the 
strength of the fields of the generators will 
be uniform at all times whether there are 
fluctuations in the external circuit or not; 
the strength of the field of the generators 
which, with self-exciting machines, is sub- 
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For instance, the Bridgeport Copper Com- 
pany, of Bridgeport, Conn., buys the entire 
product of the Parrott Silver and Copper 
Company, of Butte, Mont., as black copper. 

There is another‘matter which should be 
mentioned, as it is very often misunderstood 
by the public and the electric companies. If 
copper matte contains, according to the as- 
say, 30 ounces of silver or less per ton of 
matte, no extra charge is made for the silver, 
but the copper matte is sold at the reigning 
market price. If it contains, however, over 
30 ounces, the silver is to be paid in accord- 
ance with the assay. Thirty ounces of silver 
per ton of matte, of course, means almost 
double that amount per ton of electrolytic 
copper. It can easily be seen that electro- 
lytic refineries prefer to buy copper matte 
containing just a trifle less than 30 ounces of 
silver per ton. 

There are quite a number of points which 
need the attention of electrolytic copper re- 
finers. There are, for instance, only a few 
of the refineries which manufacture their 
own sulphate of copper, but buy it at high 
rates in the market. Sometimes the cost of 


ject to the fluctuations in the external cir- 
cuit, and is a variable, becomes a constant. 
The author proposed this arrangement over 
three years ago for railway and power 
stations with the very best results. 

Before closing we might mention some 
processes which have not been introduced in 
the United States yet, but about which a 
good deal has been said during the last few 
years. There are in Europe processes by 
which electrolytic copper is produced direct 
from the ‘‘ matte” containing from 35 to 55 
per cent. of copper. From the reports that 
have appeared, from time to time, it seems 
that these processes have not been a great 
success. There are other processes which 
contemplate the extraction of copper direct 
from the ores by means of electrolysis. The 
best known are the ‘‘ Siemens” and ‘‘ILoepf- 
ner.” If we are correctly informed, the 
Siemens process is now being used in one 
experimental plant only, which is owned by 
the Siemens firm. This is at Martinicken 
fields, near Berlin. Another one which they 
have in the Caucasus at their own copper 
werks is said to have been abandoned be- 
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not wish to comment any further, but pre- 
fers to wait until he can see one of these 
plants in operation in the United States. 
While these processes do away with the 
smelting and resmelting of the ores, and 
while they would make unnecessary the 
large, expensive plants now used for this 
process, they seem to be very complicated; 
their commercial value certainly should be 
investigated much more closely by American 
mining companies before they should be 
willing to invest large amounts of money. 
We finally give below the approximate 
cost of a refinery with a capacity of 1,000,000 
pounds of electrolytic copper per month. 





DE bncciieinuetet sae weeedececeseues $30,000 
Pavement Gapheld)........ccsccccccces secces 2,000 
Pipes for steam heating 4,000 
Wills dusscosasoed +audselsaneeuneteunesasdense 6,000 


Lead for lining vats, receeeaed tanks wane 
troughs.......... 
Lead burning. . _ 
Copper conductors. 
Rails for overhead ee for ) SEES 





plates . eeeeeeee Core 06 + eevee 2,000 
Sulphate of copper. penccesececccsccevseeseses 3,500 
Sulphuric acid .. ... 1,000 


Steam injectors orp umps or air compressors 1,000 
Electric generators, switchboard, instru- 


icc ican) conebebbeeseneeeceiensesaeen 30,000 
Shafting and belting. . pase eebeesesionnene 3,000 
i a oe $123,000 


To this sum must be added the copper 
under treatment, which in this case will 
amount to at least $80,000, and if a steam 
plant should be required, another $20,000 
must be added, bringing the total of this 
plant up to $223,000. The above items in- 
clude labor of erection, but do not include 
freights. These figures, although approxi- 
mate and true only under certain conditions, 
will demonstrate that electrolytic copper re- 
fineries are expensive plants, and should be 
erected on carefully prepared plans and 
under the supervision of responsible and 
competent engineers. 

castpetidiiininan 

The Harrisburg Ideal 

Compound Engine. 

The Harrisburg Ideal tandem compound 
engine, as manufactured by the Harrisburg 
Foundry and Machine Works, of Harris- 
burg, Pa., and shown in the accompanying 
illustrations, presents some very novel and 
striking features, aside from the self-oiling 
feature which has made the simple Ideal 
engine very popular, and placed it in the 
front rank in the steam engine trade for 
electric and manufacturing purposes. 

This engine is designed with special re- 
gard for the higher economies, as independ- 
ent valve motions are provided for high and 
low pressure valves. Both valves are of the 
piston type; the low pressure valve is made 
with an improved adjustable packing that 
completely overcomes all the objections to 
piston valves as heretofore manufactured. 
The company not only guarantees to make 
them absolutely tight and perfectly bal- 
anced, but adjustable to wear. 

With this improvement the piston valve 
is said to be preferable to any other type, on 
account of it being frictionless, consequently 
admitting of closer regulation, with less 
wear on the governor and all intermediate 


Tandem 





Fig. 2.—ReaR View OF HarRispurG IDEAL TANDEM COMPOUND ENGINE. 


freight and haulage doubles its cost. Each 
copper refinery should have a little installa- 
tion of its own for the manufacturing of the 
necessary sulphate of copper, which it can 
do at a small fraction of what it has to pay 
for it. The same holds gocd in relation to 
the refining of the slime or mud which col- 
lects at the bottom of the vats, and which 
contains the precious metals. Each copper 
refinery should have its own little plant for 
the refining of mud. These little installa- 
tions can be run at a small expense in con- 
nection with copper refineries, and it is al- 
most nonsensical to have other concerns 
make large sums of money which could be 
saved by the retiner himself. 

A few words as to electric generators may 


cause it did not give satisfaction. Dr. 
Hoepfner’s process, it is claimed. is now in 
operation in three plants ; one at Schwarzen- 
berg, which began operations in September, 
1890, and two others about which very little 
has been published. Mr. Hoepfner uses in 
his process a cuprous chloride solution, out 
of which a current of one ampere will de- 
posit 2.35 grammes per hour, while out of a 
solution of sulphate of copper, only one-half 
of this amount of copper can be deposited 
per unit of current per hour. 

As it was the object of the writer to give 
practical points on the refining of copper, 
and as he does not know anything about 
these two processes from personal observa- 
tion or from practical experience, he does 


parts than is possible with any other form 
of valve. 

Another feature in the construction of the 
engine is the accessibility to the low press- 
ure piston and cylinder, without dismantling 
the high pressure cylinder, steam and ex- 
haust pipe. The connection between the 
two cylinders is so made that the piston can 
be moved into this space for examination 
by simply removing the cylinder heads. 

The support for the high pressure cylinder 
is provided by the extension of the sub-base, 
which makes a_ substantial support and 
avoids any possible vibration of the cylinder 
when doing heavy work. 

These engines are especially adapted for 
electric light and electric railway work, 








262 


Electro-Technical Education. 





READ AT THE GENERAL MEETING OF THE 
AMERICAN INSTITUTE OF ELECTRICAL 
ENGINEERS, CHICAGO, ILL., JUNE 
6-8, 1892, BY R. B. OWENS. 


In his presidential address before the 
American Society of Mechanical Engineers 
in 1883, Prof. R. U1. Thurston, in speaking 
of the policy and work of the mechanical 
engineer, claims electrical engineering as 
‘* the last established branch” of his profes- 
sion. And again, in 1887, Pres. Geo. Bab- 
cock, referring to electricity, says: ‘‘ Yet 
another great force . . is yielding its 
neck to the yoke prepared for it by the me- 
chanical engineer,” anda great number of 
similar quotations from the writings of other 
engineers might be made, to show that when 
the importance of the industrial applications 
of electricity were fully recognized the me- 
chanical engineers claimed such electrical 
work as a branch of their profession. But 
the very existence of this body to-day evinces 
the uselessness of such a claim. Again, it 
is not unusual to hear it asserted by some 
members of our profession that electrical 
engineering will, in time, absorb all engi- 
neering professions, although I believe those 
more familiar with the extent and variety 
of the work which might be called purely 
electrical are rather of the opinion that life 
is all too short in which to deal with the 
electrical problems presented and are glad to 
refer the problems of mechanics to the 
mechanical engineer. Indeed, the field of 
work seems amply large for both profes- 
sions, and as remarked to the writer some 
years ago by Prof. W. P. Trowbridge: ‘A 
definite and amicable understanding should 
be reached between them, so that we do not 
duplicate each others work.” 

My object in presenting this paper at this 
time is to induce, if possible, a discussion 
which will throw more light on the rela- 
tions which should exist between our pro- 
fession and other engineering professions, as 
well as to learn by an interchange of opinion, 
the best methods of instruction to be 
adoped in the training of electrical engineers. 
The subject of the technical training of 
mechanical engineers has been very fully 
treated by the Society of Mechanical 
Engineers, and the transactions of the 
Institute of Mining Engineers con- 
tain valuable suggestions as to methods 
of training mining engineers, and _ 80 
with other engineering societies. But 
as yet the subject of the technical train- 
ing of electrical engineers has, I think, 
hardly received the attention it deserves 
from our society, and in view of the fact 
that we work, both managers of manufact- 
uring companies, members of engineering 
firms, and a number of men prominent in 
educational circles, I shall venture to hope 
the subjeet will receive the exhaustive treat- 
ment it well merits. We can consider our- 
selves fortunate in having a society such as 
this, where engineers engaged in every 
variety of work may meet on common 
ground and learn from each other, and I 
might here suggest, if, indeed, it has not 
been already suggested, that subjects be 
chosen by a suitable committee and ap- 
pointed for ‘* Topical Discussion” at cer- 
tain meetings as the mechanical engineers 
have done, and in this way still further in- 
crease the sphere of our usefulness. 

Having stated my reason for presenting 
this paper, I shall try to show the necessity 
of making technical training in general, 
graduate instruction and electro-technical 
training in particular. 

A moment’s reflection will show that to 
the man of pure science or to the engineer 
we owe all our methods of rapid communi- 
cation and transportation, our supplies of 
metals and the necessities of daily life, as 
well as the utilization and adaptation of the 
latent and wasting powers of nature, but it 
is difficult to say to which one we owe most. 
‘To have the application of a science we 
must have the science itself,” as remarked 
by Prof. Rowland in his address before 
Section B of the American Association in 
1883, but how often are the inquiries of such 
physicists confined to the simple enuncia- 
tion of a physical or chemical principle 
which remains practically unproductive of 
good for centuries, and perhaps has to be 
discovered again, as witness the work of 
Lord Henry Cavendish. But I would not 
depreciate the work of the man who so often 
foregoes wealth and ease to devote his life 
to that highest of human efforts, the study 
of nature’s secrets and the enunciation of 
her laws. His mission is a high one and 
rarely appreciated as it should be, or else 
the ‘‘lucky inventor who is lauded in every 
newspaper would not receive more praise 
than him who, perhaps, discovered the prin- 
ciple upon which the invention is based and 
died in obscurity and want.” Not that the 
trained inventor deserves no credit; the 


ELECTRICAL REVIEW 


world owes him much, but not more than 
the man of pure science. 

Between the scientist and skilled mechanic 
or handicraftsman is the engineer—the man 
who, familiar with the results of scientific 
investigation and methods, uses both, by the 
help of the mechanic’s skill, to minister the 
more effectively to the wants and will of an 
ever-increasingly exacting public. To him 
alone we look for the solution of the prob- 
lems of transmitting and distributing the 
power of waterfalls and fuels, the tunneling 
of our mountains, the building of our rail- 
ways and steamships, as well asthe more 
delicate work of flashing our thoughts and 
words from town to town and from conti- 
nent to continent. This field of work is so 
vast that of necessity it must be divided 
among specialists and sub specialists, but 
since the *' Vril” of Lord Lytton’s ‘‘ Coming 
Race” has shown itself so marvelously well 
fitted to do our every bidding, 1 believe a 
great portion of the work hereafter will be 
done by the electrical engineer. And as so 
much will be expected of him the duty de- 
volves upon us to give him such training in 
his youth as will most effectively enable him 
to grapple with the problems to confront 
him in his future work. I have said the en- 
gineer uses the mechanic’s skill in the ac- 
complishment of his aims, and if so he must 
possess a certain familiarity with tools and 
shop method, or else he will not always be 
using such skill to the best advantage ; but 
evidently it is not expected of every engineer 
that he spend sutticient time on shop practice 
to attain the same degree of efficiency in the 
use of tools as acquired by the mechanic 
who devotes his whole life to their use with- 
out attaining the highest skill in manipulat- 
ing them. And experience, both at home 
and abroad, has shown that systematically 
conducted elementary schools, where the 
‘manual element” has been introduced, 
‘‘are far more efficient in developing and 
training of youth than the best managed 
mill or shop,” for in the latter, despite the 
good intention of the manager or president, 
the learner is kept months by the foreman 
stamping out armature disks, if there were 
need of armature disks, or punching holes, 
if there were need of holes. While in the 
school the variety of equipment is greater 
than inthe best shop, and every operation 
is taught with the object of making the stu- 
dent familiar with the principle involved, 
and no more time is spent on one operation 
than is sufficient to insure a thorough under- 
standing of it. 

Until within the past few years the value 
of the manual element in education has 
been sadly overlooked in elementary instru- 
tion in this country. Special and distinct 
schools called variously Manual Training 
Schools, Schools of Mechanic Art and De- 
veloping Schools, have risen where those 
elements which underlie all industrial pur- 
suits have been introduced into general ele- 
mentary education, not because students 
leaving such schools expect always to enter 
upon some trade or into some ‘‘ Trade 
School,” but because such instruction is 
eminently ‘‘ desirable for the roundness and 
unity of general education, and valuable, no 
matter what the future of those so educated 
may be.” The Massachusetts Institute of 
Technology, the Washington University, 
St. Louis, and others, have attached to them- 
selves schools of mechanic arts and manual 
training schools for the reason, I take it, that 
the elementary public schools do not afford 
such instruction, and they recognize the 
great educational value of their training. 

But as soon as such instruction is given as 
it should be in the public or preparatory 
schools, the universities will find it no longer 
necessary to devote their energies to such 
elementary whrk, but will reserve their 
whole force for the higher instruction for 
which they are originally designed. Aside 
from the educational value which instruc- 
tion in the use of tools, wood-turning, pat- 
tern making, forging, metal working, etc., 
has, and which alone would justify it, 
‘‘simply on the ground of the discipline it 
gives,” such instruction becomes of double 
value to a student intending either to learn a 
trade or become an engineer. If he intends 
to learn a trade, and perhaps be a shop fore- 
man, he probably knows, due to the manual 
instruction already received, whether he 
will then become a watchmaker, carpenter 
or machinist, and enters a trade school where 
the technique of his chosen trade is taught. 

If his aspirations are higher, he pursues 
his studies still further and enters a techni- 
cal school whose primary province is the 
training of enginneers. 

The necessity of trade schools has arisen 
from two facts which make it particularly 
difficult to learn a trade to-day: First, the 
‘‘abandonment of the old apprenticeship 
system,” and second, ‘‘ the division of labor 
occasioned by the general introduction of 
machinery.” Many of these schools are 
doing excellent work, and turn out work- 
men in two or three years quite as skilled 
and possessed of very much more general 
knowledge than the apprentice of 50 years 
ago, after spending ‘‘ seven years learning 
his trade.” And all engineers should be 
glad to see such schools prosper, as they 


produce another tool, which, to them, is of 
almost inestimable value, the skilled handi- 
craftsman. In nearly every profession which 
makes applications of the teachings of 
science ‘‘manual operations of exceeding 
delicacy have to be performed,” and it is but 
just to the skilled bandicrafisman to ac- 
knowledge our great indebtedness to him. 
It is difficult to say whether the science of 
astronomy Owes more for the discovery of 
the moons of Mars to Asaph Hall, or to 
Alvin Clark, who made the instruments by 
which the moons were discovered. And 
just in proportion as the progress of the 
world requires a superior training of engi- 
neers, it will require better training of the 
handicraftsman. Engineers should naturally, 
then, give all the encouragement in their 
power to apprenticeship and trade schools, 
since the instruction given in such schools 
unquestionably produces in time better and 
more skilled mechanics than those not re- 
ceiving such instruction. 

Professor Huxley, in an address before the 
Workmen’s Club, of London, I think, says: 
‘Technical education in good vernacular 
English would be called the teaching of 
handicrafts.” But 1 think, in this country, 
at least, we have attached a different mean- 
ing tothe term. Here we generally mean 
by technical education the training of engi- 
neers, and in that sense I will use it. 

**Technical schools are not indigenous to 
this country.” They have generally been 
copied from European models, and cannot 
claim as yet to equal the schools of the old 
country ; yet, due to the exceptional skill, 
ingenuity and enterprise of our people, the 
engineering works of America are, with few 
exceptions, unexcelled. And I hope that, in 
order to demonstrate our ability in long- 
distance electric transmission, much of the 
energy wasting at Niagara will drive the 
machinery and light the halls of the World’s 
Fair buildings in 1893. 

In studying the various courses given in 
the best technical schools in this country 
and abroad, and the opinions of educators 
and engineers, I take it that a technical 
school is primarily a place for the prepara- 
tion of men who expect to earn their living 
asengineers. It is nota school of general 
culture, nor is ita school of abstract science. 
It is a device to save time, and teaches the 
applications of pure science to industrial 
purposes. 

A technical school is also, I claim, a post- 
graduate school in the ordinary sense, and 
in this respect should rank with schools of 
law and medicine. If the engineer is a man 
who uses both the results of science teaching 
and mechanical skill, he must certainly have 
great familiarity with both, and the attaining 
of such familiarity will constitute his under- 
graduate work. But, after such general 
knowledge is acquired, no time should be lost 
in fitting each student to be of the greatest 
immediate value to those who employ him. 
Unfortunately as it may be, we must recon- 
cile ourselves to the necessity of becoming 
specialists. It may be argued that ‘‘the 
more a man knew of all the related branches 
the better he could perform his special 
work,” but thisis only arguing the advantage 
of omniscience. Time was when all known 
about electricity would not greatly tax the 
ordinary intellect, but now each student can 
only hope to become an expert in one very 
narrow department, and I believe we must 
shape the courses, as far as possible, in our 
electro-technical schools to meet the require- 
ments of the times. 

Of course, to employ a number of special- 
ists and to give each student the opportunity 
to choose the work he is best fitted for will 
be expensive, but if our country is to keep 
apace with others in industrial progress she 
must educate her engineers. When private 
generosity fails, State aid must be forthcom- 
ing or we will have to witness others surpass 
us in the race for international position. 
**Tt is in consequence” of superior industrial 
and technical education ‘‘ that Germany is 
gaining a better industrial position daily.” 
And the same might be said of several other 
foreign countries, so that on the score of 
economy no more profitable expenditure of 
public money is possible than for the support 
of technical schools. Education is not a 
money-making business. ‘‘ No fact is more 
firmly established all over the world than 
that higher education can never be made to 
pay for itself.” No considerable income can 
be anticipated from student fees. Higher 
education must look for its support to pri- 
vate munificence or public help, and, as 
suggested to the English Institute of Electri- 
cal Engineers by Professor Ayrton, it would 
seem to be the duty of such a body as this 
to influence, as far as possible, public opin- 
ion in favor of advanced electro-technical 
education. 

‘“‘How many of our people,” says Presi- 
dent C. K. Adams, ‘‘ know that one of the 
minor universities of Great Britain has re 
cently completed a college building at a cost 
of more than £500,000 ($2,480,000), not to 
speak of the four millions that were put into 
the Polytechnicum at Charlottenburg? 
How many have had their attention called to 
the fact that the little republic of Switzerland, 
with a territory not a third as large as the 
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State of New York, has recently, from its 
public treasury, built a chemical laboratory 
for the Polytechnic school at Zurich, at 3 
cost of 1,337,000 francs ($267,400)? And of 
those who suppose that needless sums are 
expended at Harvard, Yaleand Cornell, how 
many know that the little kingdom of Sax. 
ony, only half as large as Vermont, vives 
from its public treasury, annually, $40) 000 
to its university, although the institution 
itself has great wealth? * * * Let us 
not cherish the erroneous supposition that 
there is a single well endowed university ip 
America. Let us remember that the richest 
of our institutions has an income not much 
larger than that of a single one of the 24 col. 
leges of Oxford.” 

Having seen the importance of mxnual 
training as a factor in elementary educa:ion, 
and knowing its special value to those in- 
tending to become either handicraftsmen or 
engineers, I would recommend that a fair 
knowledge of forging and foundry work, 
pattern making, wood and metal tursing 
and drawing, be required of every student 
for matriculation into any college course, 
Such an elementary knowlege can readi!y be 
acquired by the average student by the age 
of 16 or 17, along with the elements of !cng- 
lish education, such as given in our igh 
schools and academies. 

The importance of drawing can hardly be 
overestimated. It is rightly called ‘the 
shorthand language of modern science,” and 
everyone can learn to draw with a fair de- 
gree of accuracy, although the ‘ negutive 
faculty of drawing in some people is al.:nost 
miraculous.” Ido not mean artistic draw- 
ing, painting and perspective, but the ele- 
ments of orthogonal projection can le as 
easily acquired as the art of writing, ani for 
some purposes it is just as useful. Incced, 
‘‘drawing is now regarded by many «du- 
cators as an established factor in elemen ary 
education and destined to work its way into 
al] classes of public schools.” At the ave of 
16 or 17a boy, havinggood advantages, shivuld 
be able to enter any of our best American 
colleges, and here, if he iatends becoming 
an electrical engineer, I would have him 
study for three years, mathematics, cliem- 
istry and physics, with German and French. 
These apparently few subjects will absorb 
the greater portion of his energy. Nothing 
is gained by working at excessive pressure 
in early life; and as to knowing anytiing 
about engineering itself it would seem best 
to leave that alone until a thoroughly ¢ood 
scientific education had been first acquired. 
When electrical engineering is taken up in 
earnest the student should have such a com- 
mand of physical and chemical facts and 
methods, and be such a master of mithe- 
matical analysis as to leave him free to dis- 
cuss engineering problems without the neces- 
sity of first acquiring the facts and methods 
he may wish to make use of. 

A good course in modern geometry, differ- 
ential and integral calculis, say, according to 
Williamson, and differential equations, say, 
Forsyth or Craig, would be sufficien: to 
pursue with advantage nearly any course in 
electrical engineering given in this couvtry 
at the present time, and when, in reading 
Maxwell, it becomes convenient to lave 
quaternions or spherical harmonics, they can 
be studied in connection with such reacing. 
But to attempt to analyze the action of al- 
ternating current apparatus without thc use 
of differential equations, is, to say the icast 
of it, no very easy task. We admit the 
value of geometrical methods and especially 
as expressing in convenient form the result 
of algebraic analysis. Indeed, in the liands 
of Mr. Kapp, Mr. Blakesly and a few otiiers, 
they have been used with excellent ana'ytic 
effect, but their general weakness, as ©om- 
pared with modern methods, is too well 
known to need comment. As regard: the 
amount of general physics required, I should 
say the student ought to be familiar with 
the theory of heat measurements, thermo- 
dynamics, the principles of fluid mo:ion, 
the dynamics of a particle, and of soli‘ and 
rigid bodies, the theory of sound and bys 
ical optics, and the facts and principles 
of magnetic and electric actions. A!ove 
all, he should be able to apply mathe- 
matical reasoning to physical problems and 
be skilled in the art of experiment. 

In ordinary electrical work a know/edge 
of inorganic chemistry would perhaps 
suffice, but if one expects to make a specialty 
of electro-chemistry, then both organic and 
inorganic chemistry should be required. 

Besides mathematics, chemistry a2 
physics, which must be considered as prin- 
cipal subjects of the directly preparatory 
course, German and French should be ac- 
quired, as so large a part of our best clec- 
trical literature is in these languages. San- 
scrit and psychology might be classed as 
electives, as affording variety. 

Indeed, aside from the three principal sub- 
jects of the preparatory course, it would 
seem best to allow as wide range of choice 
in the remaining subjects as he is capable of 
carrying, for engineering is ‘a narrow life 
which concerns itself solely with building 
bridges or making anelyses,” building, erect 
ing and testing electric and magnetic m& 
chines. Unless his general education is got- 
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early life, I believe it is the experi- 


ten in 
engineers that such culture is doubly 


ence of 


difficult to attain after entering upon strictly 
profe ional duties. 

Many colleges give, for the completion of 
the course I have outlined, as preparatory 
to trical engineering, the degree of B. 
Sc.; but, irrespective of degrees, I believe 
the subjects above named should be thor- 


oughly mastered before electrical engineer- 
ing be taken up with best advantage. 

{ssuming, however, that a thorough 
wi ¢ knowledge of mathematics, phys- 
ics { chemistry is possessed by the stu- 
det en I believe he should spend three 
years in studying the applications of his ac- 
quirvi facts and principles before attempt- 
ing «» practice his profession. 

We must, I think, recognize three classes 


of irical engineers in this country at this 
time; first, the installing engineer, who su- 
peri:tends the equipment of central or 
iso electric light or power plants, elec- 


tri lways, mining plants, etc., and runs 
the same when completed. In this class of 
wi nore than a knowledge of electricity 
ist red. It becomes essential to have a 
th rh knowledge of steam engineering, 


tra nd pole line construction as well. 
He uld be as well able to choose the best 
eng and boiler for a given set of condi- 
tio and to install and operate them 
ec iically as he is able to choose the best 
dy », motur, line wire or lightning ar- 
res A practical knowledge of building 
four ations, laying out railway curves, run- 


nit le lines, isto this engineer a matter 
of test importance. 

i 1ext distinct class of electrical engi- 
n¢ [ would recognize, are designing 
en rs, who rather have to do with the 
m: cture of electric apparatus than its 
ins ion. Such men design and superin- 


ten : construction of the apparatus put 
on narket by the several manufacturing 
firt ut rarely also have to do with steam 
en , track construction, or pole lines. 
To second class, a correct knowledge of 


m e design is of equal importance with 
a ledge of magnetism and electricity, 
an was, perhaps, of such men that Lord 
Ke was thinking when he said an elec- 
tri ngineer should be nine-tenths me- 
ch il and one-tenth electrical. 

third class of engineers are employed 
by ndardizing bureaus, and in labora- 
tori:-, to make tests of electric and magnetic 
co its, calibrate instruments, etc. For 
su rk neither a knowledge of polelines, 
fo tions or machine design, is so impor- 
ta familiarity with delicate methods of 
m rement and skill in manipulating 


sel ve instruments. 
yuld seem best then to shape the 
course in any electro-technical school, as far 


as sible, to meet the requirements of 
th listinct classes of engineers. 
fie proportions of the three kinds I have 

na! vary greatly in different parts of the 
couniry. With us at the West, the greater 
pa electrical work consists in ——s 
f rating the apparatus manufacture 
by tern firms. In some few cases electric 
fa es started west of the Mississippi have 
be uccessful, but their number is not 
gt ind the proportion successful is less. 
T ne will undoubtedly come when the 
m il wealth of the West will be mined 
a anufactured by Western waterfalls, 
bt jong as the East continues the center 
of nufacturing interest, the principal 
Ww f the electrical engineer in the West 
v installing and operating Eastern 
n ictured apparatus. Therefore, to 
0 1c immediate home demand for engi- 
n I believe our Western schools of 
et ring must make a specialty of train- 
talling engineers. In the East the 
different. More men are employed 
nufacturing firms, testing and stand- 
al g bureaus than by construction and 
e ring companies, so that the course 
gi n the Eastern schools of engineering, 
i hich are largely for the designing en- 
g r, are justified. 

er an inspection of the engineering de- 
p nts of the University of Nebraska 
8 months ago, Prof. R. H. Thurston 
d ed the electrical equipment to be ‘‘ the 
fi considering the size of the institution, 
ir United States,” so that a word about 
th ctrical department may not be with- 
0 erest, 

r apparatus for instruction and experi- 
I consists briefly of one Sterling water 
t boiler, 125 horse-power at 150 pounds 
| ure; one 100 horse-power tandem, com- 
I d, high-speed condensing engine ar- 
ranged to run either cylinder high pressure; 
one Worthington independent condenser; 
one 25 horse-power single cylinder high- 


speed engine, also one 5 horse-power Otto 
G8 cogine; a line of countershafting, with 
clutch pulleys and couplings throughout; 


one 500 light 1,000 volt alternating current 
machine, with convertersand regulating ap- 
paratus; two kilowatt 120 volt continuous 
current machines, complete; two 25 light 10 
ampere arc machines and six smaller ma- 
chines of various types. Seventy-five 200 
ampere hour storage cells, Prony friction 
breaks, cradle spring and hydraulic dyna- 
mometers, standard electric and magnetic 





measuring instruments, the greater part of 
which were imported, steam calorimeters, 
indicators and other instruments for steam 
measurement. The equipment, which is 
entirely new and of the latest and most ap- 
proved design and construction, is valued at 
about $45,000. All the heavy machinery is 
placed in the separate building, 50 by 60 
feet, designed for the purpose, while wires 
lead from it to the physical laboratory, 
where the more delicate instruments are 
placed on brick piers as usual. 

The requirements for entrance into the 
college course preparatory to the electrical 
course are: 

English, spelling, capitalization, punctu- 
ation and pronunciation, and thorough, logi- 
cal and historical study of English grammar, 
two hours. 

History—Medieeval and modern, three 
hours. 

Hygiene and physical training, one hour. 

Language—French, five hours, German, 
five hours; 10 hours. 

Mathematics—Algebra, five hours. Alge- 
bra and geometry, alternating, five hours. 
Plane trigonometry, two hours; 12 hours. 

Science—Botany, chemistry, physics, five 
hours. 

Second year, English—Continuation of the 
work of the first year, two hours. 





Fig. 1.—NeEw Switcne or tHe NoveLty 
ELectric COMPANY. 


History—Medieval and modern com- 
pleted. English history, three hours. 

Hygiene and physicai training, one hour. 

Language—French, five hours. German, 
five hours; 10 hours. 

Mathematics—Algebra and geometry, al- 
ternating, 10 hours. Plane trigonometry, 
two hours; 12 hours. 

Science—Botany, chemistry, physics, five 
hours. 

Manual training, three hours. 

Each “five hours” represents full time 
for one subject for one semester or one 
‘‘course.” After completing the matricula- 
tion requirements, about six years are re- 
quired for the degree of ‘‘ Electrical Engi- 
neer.” 

The first three years are given mainly to a 
study of mathematics, chemistry and physics, 
and the last three years to engineering 
proper. 

The course is as follows : 

Chemistry : (1) Study of the metallic ele- 
ments, their compounds and characteristic 
reactions. (2) The elementary principles of 
chemical philosophy. Two courses. 

Mathematics: (1) Solid geometry and 
trigonometry. (2) Higher algebra und ana- 
lytic geometry. (3) Conic sections and cal- 
culus. (4) Calculus and differential equa- 
tions. Four courses. 

Physics: (1) Experimental physics ; lect- 
ures and recitations on mechanics, sound 
and heat; light, electricity and magnetism ; 
supplemented with exercises in the labora- 
tory. (2) Advanced physics ; application of 
calculus tothe solution of physical problems ; 
thermodynamics ; physical and geometrical 
optics ; dynamics of solids and fluids ; the- 
ory of elasticity ; problems in sound ; theory 
of electricity and magnetism ; supplemented 
with work in the laboratories. Three three- 
fifth courses. 

Graphics—Descriptive geometry ; ortho- 
graphic projections of points, lines, planes, 
surfaces and solids. Four-fifths course. 

English—(1) Lectures on the Principles 
of Rhetoric ; Practical Exercises in Criticism 
and Composition; Themes and Studies in 
Style. (2) Advanced Course in Rhetoric 
and Oration ; Studies of the Best Styles in 
Models, etc. One and three-fifths course. 

English Literature—English Literature 
from Chaucer to the modern period. One 
and one-fifth course. 

Germanic Languages—Cohn’s Ueber Bak- 
terien ; Helmholtz’s Uber Goethe Wissen- 
schaftliche Arbeiten. One course. 

Romance Languages—Scientific French ; 
Reading of Scientific Authors. Four-fifths 
course. 

Military science. Two-fifths course. 

Physiology and hygiene. Two-fifths 
course. 

Shop work. One and one-fifth course. 

Applied mechanics and strength of mate- 
rial and structures. One one-fifth course. 

Mechanism and mechanics of machinery. 
One one-fifth course, 


ELECTRICAL REVIEW 


Machine Design—In connection with me- 
chanical drawing. One one-fifth course. 

Steam Engineering—Study of types of 
boilers and engines ; their design, construc- 
tion and erection ; boiler and engine trials ; 
fuels. One one-fifth course. 

Theory of Prime Movers—Theoretical 
study of the principles underlying the action 
of steam and hot-air engines ; hydraulic and 
pneumatic machinery. One one-fifth course. 

Theory and Practice of Electrical Measure- 
ment—Special problems involving exact 
measurement, supplemented by readings on 
problems assigned. Four-fifths course. 

Electromagnetic Mechanism and Machin- 
ery—Includes a discussion of the principles 
of design and construction of dynamos, 
motors, transformers, lamps, telegraph in- 
struments, telephones, etc.; the effects of self 
and mutual induction, capacity and hyster- 
esis, are considered. 

Electro-Thermal Apparatus and Thermo- 
Generators—In this course are discussed arc 
and incandescent lamps, electric welding, 
thermo-generators, etc. Two-fifths course. 

Chemical Generators, Electro-Chemistry 
and Electro-Metallurgy—lIncludes a discus- 
sion of primary and secondary batteries, 
electroplating and electrotyping, electric re- 
fining of metals, etc. Two-fifths course. 

Mathematical Theory of Electricity and 
Magnetism—Requires a thorough knowledge 
of the calculus. One three-fifths course. 

Principles of Electric Installation—In 
this course are discussed the design and 
equipment, care and management of electric 
light and power stations, electric railways, 
telephone and telegraph systems, electricity 
in mining and hoisting, pole line construc- 
tion, inside wiring, underground conductors, 
problems in the transmission and distribu- 
tion of power by electricity. Two two-fifths 
courses, 

The last year of the course is given up 
mainly to theses and electives in electrical 
engineering. Besides the regular course 
above outlined, leading to the degree of 
‘*Electrical Engineer,” short and special 
courses are given to undergraduate and spe- 
cial students, who for various reasons cannot 
complete the full course for the degree. 

No attempt has as yet been made to teach 
telegraphy practically, and as we have here 
some members who have had much experi- 
ence in practical telegraphy, I hope they 
will express their opinions as to the advisa- 
bility of introducing it into electro-technical 
schools. Some declare it properly belongs 
to engineering, and others contend, with 
much truth, I think, that it properly belongs 
to a trade school. Similarly with wiring, 
electroplating and electrotyping. Is a prac- 
tical knowledge and skill in them to be got- 
ten in or out of the school ? I trust the dis- 
cussion on such points will be full. 

—““+2- 
New Switch of the Novelty Electric 
Company. 

The Novelty Electric Company, of 50 to 
54 North Fourth street, Philadelphia, is 
widely known for its manufacture of fine 
electric supplies. This company deals also 








Fic. 2.—INTERIOR VIEW oF NOVELTY 
ELectric ComPpany’s Switcu. 


in electrical machinery generally. A spe- 
cialty is experimental work, and a large 
patronage has been built up in this line. 

A recent important electrical device is a 
new switch manufactured by this company 
—a switch which, in point of beauty of 
finish, ranks with the best. It is made with 
corrugated shell to match the latest style of 
chandeliers, and is furnished by the Novelty 
Company in any color that may be desired. 
The mechanical parts are particularly strong 
and reliable and carefully constructed. The 
contact is long and perfect, it possesses a 
perfect double break, breaking in space, 
and all parts are interchangeable. We 
illustrate in this issue the sizes of the five 
and ten ampere and the three-way switches, 
and these illustrations will convince all our 
readers that the high class work of the 
Novelty Electric Company is thoroughly 
well sustained in this new device, 
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Thomson-Houston International Elee- 
tric Company. 


The International Electric Company stock 
is taken into the General Electric Company 
on the basis of $240 per share for Interna- 
tional Electric, payable in General Electric 
stock at par, or practically four for one for 
Thomson-Houston stock. 


—-_- 


American Electrical Works. 


The American Electrical Works, Provi- 
dence, R. I., sends forth its usual holiday 
advertising novelty. This time it is a little 
four page brown paste-board folder, printed 
in brown ink. On the outside is a little silk 
American flag at the tup of a mast. ‘‘ We 
send the beautiful emblem of our country’s 
glory, the American flag. Our best wishes 
that the day may be an enjoyable one to you. 
There is but one American flag and but one 
American Electrical Works.” 


SS ee 
Telegraph Service at the Convention. 


Mr. Walter P. Phillips, general manager 
of the United Press, has sent the following 
letter to Col. R. C. Clowry, vice-president 
of the Western Union Telegraph Company : 

‘*My Dear Sir—I take this opportunity to 
extend to you and through you to Messrs, 
Summers, Lloyd, Somerville and others, 
my best thanks for the attention given to 
our wires east of Chicago during the recent 
convention at Minneapolis; also for fa- 
vors rendered to us during the convention 
just closed in Chicago’s own wonderful wig- 
wam. Considering the character of the 
weather, our despatches got through in 
splendid shape, and the reports affecting 
our work that we have received from all 
over the country have been uniformly fav- 
orable. Some considerable part of the rep- 
utation we have made on these recent occa- 
sions belongs to the Western Union Telegraph 
Company, its officers and employés, and I 
take pleasure in acknowledging our obliga- 
tions to you all.” 





Telegraph and Cable Company 
Chartered. 

The State of Virginia has chartered the 
Virginia Telegraph and Cable Company, 
the purpose of which is to lay and maintain 
telegraph and submarine cables from points 
on the coast of Virginia, South Carolina or 
both to New York city, and to the Islands 
of San Domingo or Cuba, or both, with 
power to connect in New York, Virginia, 
South Carolina, or elsewhere with all tele- 
graph and cable lines, etc. The capital 
stock is to be $25,000, in shares of $100 
each, and the real estate to be held is not to 
exceed 100 acres wherever a landing of a 
cable is made and not exceeding 500 acres 
in all. The principal office is to be in Nor- 
folk, and the following are the officers: 
President, W. H. Phelps, of New York; 
secretary, Augustus A. Ireland, of New 
York ; treasurer, E. G. Kremer, of New 
York. Directors: the above and R. Walton 
Moore, of Fairfax County, Va., and Legh 
R. Watts, of Portsmouth, Va. 

oe 


Another Factory Increase by the Ball 
Engine Company. 

Less than a year ago, owing to the great 
expansion of their business, the Ball Engine 
Company, Erie, Pa., were forced to erect a 
large and complete machine shop which was 
filled with the latest and most modern im- 
proved tools. No idea was entertained at 
the time that any further increase would be 
necessary for several years to come; but the 
demand for the latest improved Ball engines, 
built by this company, has been so great, 
especially for electric railway work, that 
already the makers of the engine have been 
again compelled to make a further extension 
of the same building. This extension, which 
is now under way, will be built on the gal- 
lery plan the same as the balance of the 
building. It will contain, among other val- 
uable features, probably the most complete 
testing blocks and apparatus in the country, 
and will be capable of testing engines of very 
large capacity. Every engine that leaves 
the works of the Ball Engine Company is 
thoroughly tested and guaranteed to give 
satisfaction under the most unfavorable cir- 
cumstances, 
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The West Shore Railroad is send- 
ing outa book of Summer excursions to 
lake, river, mountain and seaside resorts. 


The Providence and Stonington 
Steamship Company bas issued a very 
complete book of pleasant Summer tours. 


The Watertown Steam Engine 
Company, Watertown, N. Y., have issued 
a descriptive catalogue of their well known 
engines and boilers. 


The Interior Conduit and In- 
sulation Company, 44 Broad street, 
New York, describes the new Lundell fan 
motors in a recently issued illustrated cata- 
logue. 

The Western Electric Company 
has issued a brief but comprehensive manual 
of telegraphy, with which is included a cata- 
logue of telegraph instruments and supplies 
manufactured by them. 


The Simpson Electric Manu- 
facturing Company, 389 to 41 West 
Washington street, Chicago, write that they 
have sold a very large number of their 110 
volt fan motors and have many orders on 
hand. 


Perry & Demeritt, Montpelier, Vt., 
are sending out a descriptive pamphlet of 
the ‘‘L., P. & D.” system of power trans- 
mission which merits the investigation of 
those owning or building electric light and 
power plants. 


The International Okonite Com- 
pany, Limited, 13 Park Row, New 
York, is sending to its friends a very hand- 
some nickel-plated matchbox bearing the 
legend ‘‘ Okonite.” <A piece of No.6 bare 
copper wire is a good thing to open it with 
if you shouldn’t happen to learn the com- 
bination. 


Ata Recent Meeting of the direct- 
ors of the Pettingell-Andrews Company, 
Boston, Mr. C. H. Price was elected presi- 
dent, vice Mr. F. E. Pettingell, who has re- 
signed on account of ill health. The other 
officers of the company are as follows: Mr. 
D. A. Andrews, Sr., treasurer; Mr. D. A. 
Andrews, Jr., vice-president and assistant 
treasurer; and Mr. C. B. Price, secretary. 


The Bridgeport Brass Company 
is building an addition to its large factory of 
155x50 feet, three stories and basement. A 
new engine of 250 horse-power is also being 
put in. The Bridgeport Brass Company 
does a large business io electric wires, in- 
candescent lamp sockets, carbon rods for are 
lamps, etc., and besidesis a very extensive 
manufacturer of brass goods. Theadditions 
to the factory indicate quite an itcrease in 
general business, 


The National Pipe Bending Co., 
New Haven, Conn., manufacturers of the 
National feed water heater, report their 
business during the Spring and Summer as 
being very good. They have supplied large 
numbers of electric stations, both the light 
stations and the electric railways. Among 
them are 500 horse-power for the Georgia 
Electric Light Co., Atlanta, Ga.; 500 horse- 
power for Charleston, 8. C.; 100 Nassau 
Gus Light Co.; 200 East Side Street Rail 
way, Brockton, Mass.; 250 Leominster Elec- 
tric Light Co., 100 Little Falls Electric 
Light Co., 1,000 Allegheny County Elce- 
tric Light Co., Pittsburgh; 150 Neenah 
Electric Co., Neenah, Wis.; 400 Wilming- 
toa, Del.; 500 Meadville, Pa.; 200 Bidde 
ford and Saco Railway Co., Saco, Me.; 150 
Ocala Light and Power Co., Ocala, Fla.; 
200 St. Albans, Vt.; 200 West Haven Rail- 
way Co.; 500 High Bridge, N. J.; 800 Coney 
Island and Brooklyn Street Railway Co ; 
650 Seashore Electric Railway, Asbury Park, 
N.J.; 300 Salem Electric Co., Salem, Mass.; 





150 Plymouth Electric Light Co.; 500 Mal- 
den Electric Co., Malden, Mass ; 150 Leo- 
minster Electric Light Co., Leominster, 
Mass.; 800 Hudson Electric Light Co., 
Hoboken, N. J.; 690 Naumkeag Street Rail 
way, Salem, Mass ; 1,500 Lowell, Mass.; 
and have orders on hand unfinished for two 
1,500, one 1,600, five 200, two 300, one 800, 
three 150, one 500, all for June and July 
delivery. 








HE NEW YORK OFFICE of the 
Consolidated Electric Storage Com- 
pany, 120 Broadway, is the sole agency 
for the sale of storage batteries for New 
York and vicinity. Purchasers desiring to 
secure the best terms should apply at that 


office to 
E. J. MOORE, Manager. 


HIS is a cut of 


the Law Bat- 
tery Double 
Cylinder Carbon 


Element attached 
to cover with zinc. 
It has 147 square 
inch carbon sur- 
face. The element 
is everlasting and 
is so guaranteed. 
Why use a battery 
with a chemical 
depolarizer that 
needs frequent re- 
newal of the nega- 
tive element ? 





—_ . 


LAW BATTERY COMPANY, 
85 JOHN STREET, N. Y. 








FOR SALE. 


Send for list and description of 12 engines 
of the best makers, Reynolds-Corliss, Ar- 
mington &Sims, Russell, Rice, Westinghouse, 
Williams and other makes, run one to two 
years only, taken in exchange for ‘‘ IDEAL ”’ 
engines ; for sale at half cost prices. 


A. L. IDE & SON, 


SPRINGFIELD, ILL. 


Professor fjolbear’s 
NEW BOOK. 
“Matter, Ether and Motion.” 


PRICE, $1.75. 














This is a highly interesting 
and timely work by Prof. A. E. 
Dolbear, Prof. of Physics Tufts 
College, author of ‘‘ The Tele- 
phone,’’ etc. The book consists 
of 330 pages, is abundantly 
illustrated, and should be in the 


library of every electrical worker 


Address, 


ELECTRICAL REVIEW, 


13 Park Row, NEW YORK. 





MACHINERY IN STOCK. 


Engine Lathes, 10 in. x 4 ft.; 11in. x5 ft.; 12in.x 
6ft.; 14in. x 6ft.; 16in. x 6ft.; 18in. x8ft.; Win. x 
8 ft., with tapes attachment; 22in. x 12 ft. and 14 ft. ; 
24 in. and 26in. x 16 ft.; 80 in. x 10 ft. and 18 ft.; 
36 in. and 38 in. x 20 ft.; 42in. x 12 ft.; 27 in. x 82 ft. ; 
88 in. x 31 ft.; 96in. x 20ft. Fox Lathes, 13 in. x 
5ft.; 14in. x 5 ft.; 15in. x 6ft.; 18in.x6ft. Turret 
Lathes, 12 in. x 5 ft.; 14in. x 5 ft.; 15 in. and 16 in. 
x 6 ft.; 18in. x 6 ft.; 36in. x 8 ft. 

Planers, 16 in. x 16in. x 3 ft.; 20in. x in. x4ft.; 
24in. x 24 in. x 6 ft.; 30 in. x 30in. x 6 ft.; 36in. x 
86 in. x 10 ft.; 42 in. x 42 in. x 12 ft.; 44 in. x 48 in. x 
22 ft.; 60in. x 49in. x 24 ft. 

Friction Shapers, 15 in.. 16 in., 20 in., 22 in., 32 in. 

Crank Shapers, 6 in., 8 in., 10 in., 12 in., 18 in., 16 
n., 17 in., 20 in., 24 in., 28 in. 

Screw Machines, Nos. 1, 2, 8, 4, with or without 
Wire Feed. 

Screw Machines, Nos. 5, 6, 7, 8, Power Feed. 

Presses, Nos. 51, 52, 58, Ferracute; Nos. 1, 2, 3, 
Stiles & Parker. 

5 Lincoln Pattern Millers, No. 2. 

Hand Millers, Nos. 1and2. 3 Cam Cutters. 

Bolt Cutters, 14 in. to 1 in., 4 in to 2 in. 

2 Profiling Machines. 1 36 in. and 48 in. Gear 
Cutter. 

C. D. and E. Horizontal Boring Machine. Newark 
Machine Tool Co. 

—_ ‘ad List of New and Second-Hand Machinery 
tock. 





in 

PRENTISS TOOL & SUPPLY CO., P. 0. Box 3362, 
116 Liberty Street, New York. . 

59 South Canal St., Chicago, Ill. 





THE DANDY BELL 


Has been tested on one cell 
of battery to 14 without chang- 
ing the adjustment, and rang 
clear every time. It rang loud 
and clear on one cell of battery 
through 500 feetof No. 18 wire. 
One cell of No. 2 Samson bat- 

PATENTED. tery rang 20 at the same time, 
and one cell rang seven through 100 feet of 
wire. Every Bell tested befcre leaving shop. 
Sample sent by mail, 50 cents. 


THE TIME ELECTRIC CoO., 
Cc. O. BARTLETT, Gen. Manager, 
67-71 South Water St., CLEVELAND, 0. 











Something New / 





ment in drill presses 
for years is applied. 


four spindle drills for 
Might work. 


Spindles driven L Over 1,000 in use. 
with single, endless 











Buy the latest and 
belts. Large drivin best. Special ma- 
pulleys, tighteneran 


erp ° chinery to order. 
variable speeds pro- 
vided. 





Catalogue of fine 
tools free. 


Dwight Slate Machine Co 


TARTPORD, COMB 


The most us-fal | 
One, two, three, and |D patented impréve 


Robb Mackie, 

CONSULTING 

ELECTRICAL 
ENGINEER, 


Neave Building, 
CINCINNATI, 0. 








THE GRAVES ARC LAMPS. 


FOR ALL CIRCUITS. HIGH AND LOW TENSION. 


BEST AND CHEAPEST. 


WRITE FOR PARTICULARS. 


DON’T PURCHASE UNTIL YOU SEE THEM. 





GRAVES TRANSFORMERS are the lightest in Weight and 





highest in Efficiency. 





The W. D. GRAVES Electrical & Manufacturing Company, 


CLEVELAND, 


OHIO. 





AN 


ELECTRICAL 


LIBRARY. 


OPPORTUNITY FOR BEGINNERS, 


Carefully 
Selected, yet Inexpensive, 
List of Instructive 
Electrical Books. 


A Comprehensive, 


In response to the many inquiries fron 
all parts of the country as to the best books 
for those who are desirous of becomi 
posted in the rudiments of Electricity in i: 
various branches, and in an endeavor 
afford beginners as wide a range of readi: 
as possible for a comparatively small outla: 
the Book Department of the ELECTRICA: 
REVIEW PUBLISHING COMPANY makes t! 
following offer : 

We will send by express, prepaid, o: 
receipt of $15.00, fourteen books by th 
most popular authors, especially adapt 
for a course of elementary reading, includi: 
the ELECTRICAL REVIEW for one year, «s 


follows : 
PRACTICAL ELECTRICITY, - By Ayrto 


ELEMENTS OF ELectric Ligut- 


ING, - - - - By Atkins 
Dynamo TENDER’s HAND Book, By Bui 
{INCANDESCENT WIRING Hanp- 

Book, - - By Ba 
THE DyNAMoO, - - By Botto) 
ELECTRIC BELLS AND ALL 

ABouT THEM, - - By Bott 


ELECTRICITY FOR ENGINEERS, By Desmoi:! 


THE TELEPHONE, - By Doltx 


ALTERNATE CURRENT MACHIN- 


ERY, - - - By Ka 


INCANDESCENT ELxEctTRIC LIGHT- 


ING, - . - By Latin 


A, B, C, or Evectricity, By Meadowe 


ELECTRICITY SIMPLIFIED, By Sloa 


ELECTRICIANS’ PRIMERS (Theory and Prac- 

tice), 2 Volumes. 

ELECTRICAL REVIEW, - OnE YEA: 
(52 Numbers.) 

The price of the above list is $18.00, and, 

aside from the saving on cost, the student /s 

the benefit of an unexcelled selection fren 


which he can derive the best practical resu/’s. 


REMEMBER: $15.00 buys 
all of the above, delivered to 
your office or residence. 


Address: 


ELECTRICAL REVIEW, 


13 Park Row, N. Y. 


p! 


an 
th 


